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MORPHOLINO- 5UBUNI T COMBINATORIAL 
T.TBRARY AND METHOD 

1 . Field of the Invention 
5 The present invention relates to a combinatorial 

library formed by sequences of morpholino subunit struc- 
tures, and to a method of generating novel binding 
compounds using the library. 
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3 . Background of the Invention 

There is current widespread interest in using 
combinatorial libraries of random-sequence 

20 oligonucleotides, polypeptides, or synthetic oligomers to 
search for biologically active compounds (Kramer; Houghten, 
1993a-1993c, 1992, 1991; Ohlmeyer; Dooley, 1993a-1993b; 
Eichler ; Pine 11a , 1993, 1992; Ecker ; and Barbas) . Ligands 
discovered by screening libraries of this type may be 

25 useful in mimicking or blocking natural ligands, or 
interfering with the naturally occurring interactions of a 
biological target. They can also provide a starting point 
for developing related molecules with more desirable 
properties, e.g., higher binding affinity. 

30 Combinatorial libraries of the type useful in this 



desired oligomer size is reached. A library of increasing 
35 complexity can be formed in this manner, for example, by 

f'imunit. step (Hcughten, 1991; 19 93c,i. 
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Alternatively, the library may be formed by solid- 
phase synthetic methods in which beads containing 
different-sequence oligomers that form the library are 
alternately mixed and separated, with one of a selected 
5 number of subunits being added to each group of separated 
beads at each step. An advantage of this method is that 
each bead contains only one oligomer specie, allowing the 
beads themselves to be used for oligomer screening (Furka, 
1991; Lam, 1991, 1993; Zuckermann; Sebestyn) . 

10 Still another approach that has been suggested 

involves the synthesis of a combinatorial library on 
spatially segregated arrays (Fodor) . This approach is 
generally limited in the number of different library 
sequences that can be generated. 

15 Since the chance of finding useful ligands increases 

with the size of the combinatorial library, it is desirable 
to generate libraries composed of large numbers of 
different-sequence oligomers. In the case of 

oligonucleotides, for example, a library having 4-base 

20 variability at 8 oligomer residue positions will contain as 
many as 4 8 (65, 536) different sequences. In the case of a 
polypeptides, a library having 20-amino acid variability at 
six residue positions will contain as many as 20 6 
(64,000,000) different species. 

25 Because each different-sequence specie in a large- 

number library may present in small amounts, one of the 
challenges in the combinatorial library selection procedure 
is isolating and determining the sequence of specie (s) that 
have the desired binding or other selected properties. 

30 Where the combinatorial library consists of 



methods must be employed. In one approach, where the 
library ha? been formed by pooling multiple choices of 

desired properties is resynthes i zed iterativeiy with ;ower 
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and lower complexity until a single sequence compound is 
identified . 

Where the library oligomers have been formed on beads, 
and each bead represents one oligomeric specie, it may be 
5 possible to conduct microscale sequencing on the oligomers 
contained on a single isolated bead. 

In another approach, the library sequences, e.g., 
random peptide sequences, are cosynthesized with a 
sequenceable tag , e.g., an oligonucleotide sequence , 

1 0 attached to the 1 ibrary sequence ol igomer . That is , each 
oligomer in the library is associated with a distinctive 
sequenceable tag. Once an oligomer with the desired 
selection properties is identified, its sequence can be 
determined by determining the corresponding sequence of the 

15 sequenceable tag (Brenner; Kerr) . 

A related approach has been to construct combinatorial 
1 ibraries on beads that are themselves tagged with 
distinctive tagging molecules at each successive step in 
oligomer synthesis . Once an oligomer with desired binding 

20 properties is identified, the bead to which the oligomer is 
attached can be "read" to identify the oligomer sequence in 
terms of a sequence of tagging molecules (Ohlmeyer) . 

Another basic consideration in the generation of 
desired compounds by screening combinatorial 1 ibraries is 

25 the nature of the selected compound itself. Polynucleotide 
libraries are relatively easy to generate and can sequenced 
at low concentrations , but have two basic disadvantages . 
First, the molecular variation in the library is limited by 
the relatively few bases that are employed, typically the 

30 standard four bases/oligomer position. Secondly, even if 



In the case cf polypeptide libraries, these also can 
35 be synthesized readily by known solution or solid-phase 

Ltiajns L:acf, , ;acr.e: poi it jlI. great iy expands the 
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potential variability of the library. However, as 

indicated above, screened polypeptides may be relatively 
difficult to sequence at the low oligomer concentrations 
that are likely to be present. Further, polypeptide 
5 compounds may be susceptible to protease digestion in vivo. 

Ideally, then, a combinatorial library should be easy 
to synthesis by stepwise solution-phase or solid-phase 
methods, should allow for a large number of different 
subunits at each residue position, should provide a broad 
10 range of structural diversity, and should be readily 
sequenceable , once a library oligomer with desired binding 
or other screened property is identified, and should be 
generally stable in living systems. 

15 4 . Summary of the Invention 

The invention includes, in one aspect, a combinatorial 
library of non-biological oligomers formed predominantly of 
morpholino subunit structures of the form: 



20 




N 

25 : 

where (i) the structures are linked together by linkages 
"L" one to four atoms long joining the morpholino nitrogen 
of one subunit structure to the 4' cyclic carbon of an 
30 adjacent subunit structure, and X, is a purine or pyrimidine 



and the library includes at least about 1,000 diff 
side chain sequence oligomers. 



k' ; J Lie 



combination t : , u o. e o r,a s e c on,: . 
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i.e., purines and/or pyr imidines , and non-nucleobase side 
chains, such as non-nucleobase aromatic side chains, 
aliphatic side chains, and mixed aromatic/aliphatic side 
chains . 

5 In another general embodiment, the oligomers are 

effective to hybridize, by Watson-Crick base pairing, to 
one of the oligonucleotide oligomers in combinatorial 
library of random sequence oligonucleotides; 

The oligomers in the library may also have different 
10 sequences of linkages, or be composed of the same linkages. 

One preferred linkage is a 3-atom carbamate or 3-atom 
phosphor odiamidate linkage . 

The oligomers may also include branched structures, in 
15 which one or more of the subunit structures forming an 
oligomer is linked to multiple subunits. 

The oligomers in the library may be formed on a 
plurality of particles, such as macroporous particles, 
where each particle has a surface coating of molecules 
20 containing one of the base-sequences in the library- The 
oligomer molecules are preferably attached to the particle 
through cleavable linkages, e.g., chemically or 
photo lyt ica 1 ly c leavable 1 inkages . 

Alternatively, or in addition, the particles may be 
25 macroreticular particles having selected sizes in the 40- 
200 iJ.m range, where the oligomers are coupled to the 
particles through cleavable linkages . 

Alternatively, or in addition, the oligomer molecules 
on each particle may represent a family of different-length 
30 oligomers having a common sequence from one oligomer end, 

V-.> i +- -I -T <~ v- r - .y~ + +■ r >- ~ '- - 4- i y~ - M V- - r- ^ + - + T ■ . - * v - -4- * * 

; : y : : • < • v ; : : > • : : . . h • ' f-tn o • : 

generating an oligomer compound capable of interacting 
35 specifically with a selected macromolecular ligand. The 

■ < t ho:.; - y r ' : t ; jy: * L - * > ■ : + : v: + ) . 

■ o rr. u i HcitLi it:* . . t i t i i y ii oi in (..; re i : : r. r .t t y p t aesc r i tje a 
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15 



20 



25 



above, isolating oligomer molecules that binds specifically 
to the receptor, and determining the sequence of bases in 
the isolated oligomer molecules. 

Where the oligomers are designed to hybridize, by 
Watson-Crick base pairing, to complementary-sequence 
oligonucleotides in a combinatorial oligonucleotide 
library, the determining step includes reacting the 
isolated oligomers with a combinatorial library of 
oligonucleotides, under conditions effective to produce 
hybridization between the isolated oligomer molecules and 
complementary-base oligonucleotides, and determining the 
sequence of the oligonucleotides hybridized to the isolated 
oligomer molecules. 

Where the combinatorial library is formed on a 
plurality of particles, the particle containing the desired 
binding molecules is isolated, e.g., by binding to a solid 
support, and oligomers on the particles are then sequenced, 

e.g., by release of the oligomers and micro mass 

spectrometry of the released oligomers. 

Alternatively, particle (s) having surface-bound 

receptor may be identified by reacting the particles with 

fluorescent-labeled anti-receptor antibodies, or by 

exploiting the greater density of the particles with 

surface-bound receptor. 

Also disclosed is a polymer composition assembled 

predominantly of morpholino subunit structures of the form: 



30 



re d> the structures are linked together by linkages 



one suoun , t _t t u.. ^ ur 
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10 



ad~)cieent su burnt structure, and X, is a purine or pyrimidine 
side chain, a non-nuc 1 eobase aromatic side chain, an 
aliphatic side chain, and/or a mixed aromatic/aliphatic 
side chain. 

In a related aspect, the invention includes polymer 
composition assembled predominantly from morpholino subunit 
structures of the form: 




where (i) the structures are linked together by linkages 
one to four atoms long joining the morpholino nitrogen of 
15 one subunit structure to the 4' cyclic carbon of an 
adjacent subunit structure, and X, is a purine or pyrimidine 
side chain, a non-nucleobase aromatic side chain, an 
aliphatic side chain, and/or a mixed aromatic/aliphatic 
side chain. 

2 0 These and other objects and features of the invention 

will become more fully appreciated when the following 
detailed description of the invention is read in 
conjunction with the accompanying drawings. 

2 5 Brief Description of the Drawings 

Fig. 1 shows a subunit of an oligomer formed of 
morpholino subunit structures joined by linkages L; 

Fig. 2 shows a morpholino subunit structure used in 
the Fig . 1 oligomer ; 
30 Fig. 3 illustrates the conversion of a ribonucleotide 



Figs. 5A-5E shows representative X i purine and 
35 pyrimidine nucleobase side chains (3A) , modified nucleobase 
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where the X, side chains are shown attached to the 1' 
morpholino ring position in Fig. 1; 

Fig. 6 shows stereochemical options for X, and linkage 
atoms Y in a morpholino subunit structure; 

Fig . 7 illustrates a variety of activated subunit 
structures useful in forming the oligomers of the 
invention ; 

Fig. 8 illustrate compounds which may be converted to 

moroholino subunit structures during oligomer assembly; 

■ - ■ 

Figs. 9A and 9B illustrate methods for the conversion 
of ribose and glucose compounds, respectively, to 
morpholino subunit structures during oligomer assembly; 

Fig. 10 illustrates orientation about the X, bond in 
morphol ino eubunit structures ; 
15 Fig. 11 illustrates rotational freedom about the amide 

linkage in selected tertiary amine linkages; 

Figs. 12A and 12B show representative one-atom 
linkages in oligomers of the invention; 

Figs. 13A and 13B illustrates the syntheses of 
20 oligomers having one-atom linkages between morpholino 
subunit structures; 

Fig. 14 shows representative two-atom linkages in 
oligomers of the invention; 

Fig. 15 shows representative three-atom linkages in 
25 oligomers of the invention; 

Fig. 16 shows representative four-atom linkages in 
oligomers of the invention; 

Fig. 17 shows a portion of a branched oligomer formed 
in accordance with another embodiment of the invention; 
30 F iq. 18 illustrates the synthesis of the branched 



u^eu in dttacnma a r.orpno i j r i 
to a particle surface; 



- v-^, v ,- -> portion of a bead ha v i no a surface 
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Fig. 21 illustrates a portion of a bead surface having 
a family of same-sequence, different-length oligomer 
molecules; 

Fig. 22 illustrates a solid-phase method for isolating 
5 a particle carrying a surface coating of oligomer molecules 
that bind to a receptor attached to a solid support; and 

Figs. 23A-23D illustrate various solution-phase 
methods for selecting particles carrying a surface coating 
of oligomer molecules that bind to a receptor attached to 
10 <a solid support (23A) , by first binding receptor to a 
particle having the desired oligomer sequence (23B) , and 
identifying particle (s) having bound receptor by further 
reacting the particle with fluorescent-labeled anti- 
receptor antibody (2 3C) , or by separating particle with 
15 bound receptor on the basis of its increased density (23D) . 



20 



25 



30 



Detailed Description of the Invention 
I . Definitions 

Unless otherwise stated, the terms below have the 
f ol lowing meanings : 

A "morpholino subunit structure" refers to a 
morpholino structure of the form: Q 



1 
2 



I 



where X, is a side chain. 

A "side chain" refers to one of several different X- 
groups that may be carried on a morpholino subunit 



r nirt u r»- h n a - ■ ■■ n * ■ ■ * 1 .-i ^ > r- c u i ^ : t ' ■ ■. . t k d aet ' . <>.' < i < : ■ i a cer' 
subunit structure. That is, the oligomer is composed of 
35 linked subunits, which in turn are composed of subunit 

*v r i: c T. i; r r r ; * •' • 3 . ' • • . • • : > - An " : - : • r- t » " 

refers re d polymer conposeci c: : y\ : •-. . . \ net ween duoji A- 
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15 subunits. The oligomers of the present inventions are 
formed of morpholino subunit structures that are linked 
together by linkages of one to four atoms long joining the 
morpholino nitrogen of one subunit structure to the 4' 
5 cyclic carbon of an adjacent subunit structure. Although 
morpholino subunit structures are the predominant subunit 
form in the oligomers, other subunit structures may also be 
employed . 

The "sequence of side chains" in an oligomer refers to 
10 the sequence of individual side chains on successive 

subunit structures in an oligomer, on progressing from one 

end of the oligomer to the other. 

The "sequence of linkages" in an oligomer refers to 

the sequence of individual linkages linking successive 
15 subunit structures in an oligomer, on progressing from one 

end of the oligomer to the other. 

A "combinatorial library of oligomers" refers to a 

1 ibrary of ol igomer molecules containing a large number , 

typically between 10 3 and 10 7 different-sequence oligomers, 
20 typically defined by a different sequence of side chains, 

or a combination of different sequences of side chains and 

linkages. Each sequence in a library is preferably 

represented by a plurality, e.g., 10 ,0 -10 12 molecules of the 

same sequence . 

25 A "branched oligomer" refers to an oligomer having one 

or more morpholino subunit structures that are covalently 
attached to a linkage that itself directly links two 
additional morpholino subunit structures in the oligomer. 
The sequence of side chains in a branched oligomer refers 

30 to the sequence of side chains in the longest chain of the 



X.X.X.X^X^X^) XsX, refers to an eightmer having the linear 
c FnilPnr p of sidechains X,X ? X,X,X,X^, and a branched sequence 
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linkage between the fourth and fifth subunit structures in 
the linear chain . 

A "nucleobase" side chain is a purine or pyrimidine 
side chain attached to the morpholino moiety through the N9 
5 of the purine or the Nl of the pyrimidine. 

A "non-nucleobase aromatic" side chain is a 
substituted or unsubstituted aromatic side chain that is 
not a purine or pyrimidine. 

An "aliphatic" side chain refers to a side chain 
10 having the general structure -(CH 2 ) ni -X where m=l-5 and X is 

H, an unbranched or branched alkane, alkene or alkyne, OH, 
SH, an amine, a halide, an aldehyde, an acid, an amide, or 
an ester group. 

A "mixed aromatic/aliphatic" side chain is an aromatic 
15 side chain substituted with an aliphatic side chain . 

A "receptor 11 is a macromolecule capable of 
specifically interacting with ligand molecule, including 
oligomers of the inventions. Binding of the ligand to the 
receptor is typically characterized by a high binding 
20 affinity, i.e., K B1 >10 S , and is intended to affect, e.g., 
inhibit, the function of the receptor in its normal 
biological setting . The receptor is also referred to 
herein as a target structure. 

25 II. Morpholino Subunit Structures 

The invention includes, in one aspect, a combinatorial 
library of oligomers having the general form shown in Fig. 

I . The oligomers are formed from morpholino subunit 
structures of the form shown in Fig . 2 , where the subunit 

30 structures are linked together by linkages L one to four 

are nucleobase or non-nucleobase X groups , as will be 
35 described below. 

r.crphc i : nc ra^kbone no \ r- r y , which allows linking the 
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subunit structure to other subunit structures in a defined 
order, and a side chain X 1 . These morpholino subunit 
structures have the general structure shown in Fig. 2, 
where X,, the side chain, is hydrogen or an organic 
5 substituent, which may be in a protected form; Y, which may 
be in an activated or protected form, is a group which 
allows coupling of the morpholino subunit to the morpholino 
nitrogen or Z group of another morpholino subunit, or other 
structure; Z is hydrogen, a protective group, or other 
10 group, which may be in an activated or protected form, 
which is suitable for coupling to the Y group of another 
morpholino subunit or other structure; and, X and Y 
substituents have defined stereochemical orientations. 

15 a. Preparing Subunit St ructures 

Morpholino subunit structures can be prepared from 
ribonucleosides and related substituted furanosides, as 
illustrated in Fig. 3 and described in Example 1, and from 
substituted glucose and related hexopyranosides , as 

20 illustrated in Fig. 4 and described in Example 2. 

A variety of side chains, X, contribute to the 
structural diversity achievable with this class of 
oligomers, which in turn facilitates the selection of 
oligomer species with desirable biological activities. 

25 Figs. 5A-5E illustrate representative types of side chains 
of morpholino subunits which can be prepared from natural 
products and simple chemical reagents. Fig. 5A shows 
representative nucleobase side chains. Example 3 describes 
synthetic routes to such structures. 

30 Fig. 5B shows a number of modified nucleobase side 



routes to nucleobases modified at one or more such sites. 



s i a c c n a i n s 



Here X is OH cr JK, 



wnert K is c; iower aiKyi, 
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or a primary, secondary or tertiary amine. Y and Z may be 
any of a variety of small groups, such as CN , halogen, NO ? , 
OH, alkoxy, aldehyde, and amine groups. Examples 5A-5E 
disclose methods for preparing morpholino subunit 
5 structures with exemplary non-nucleobase aromatic side 
chains . 

Also contemplated are morpholino subunit structures 
with aliphatic side chains, as shown in Fig. 5D, where the 
R groups may be branched or unbranched alkanes, alkenes, or 
10 alkynes. Exemplary morpholino subunits having these types 
of side chains are described in Examples 5F-5I. Finally, 
the side chains may be mixed aromatic/aliphatic groups, 
such as shown in Fig. 5E. 

15 B . Stereochemical Control of X and Y 

The stereochemistry of the X side chain about the 1 ' 
carbon of the morpholino moiety can be selected to be 
either alpha or beta, and the stereochemistry of the Y 
group about the 4' carbon of the morpholino moiety can also 

20 be selected to be either alpha or beta, as illustrated in 
Fig. 6. Basic synthetic strategies for achieving these 
selected stereochemical options are illustrated in Example 
6. 

Morpholino oligomers are assembled predominantly by 
25 linking the Y group of one morpholino subunit structure to 
the morpholino nitrogen or 2 group of another morpholino 
subunit structure (Fig. 2), where one of these groups is 
nucleophilic and the other is electrophilic. The resulting 
intersubunit linkage, L, should be stable to conditions of 
30 synthesis and any required deprotection steps, as well as 



protected form (often protected with a trityl group), and 

35 the electrophilic moiety is in an activated form, or is 

■ .. ' t . . ■ . . * , . , . + :>*.-.:♦ x r u r. ^ r ; i nq ,: t. cf_ 

[• i a . i 1 lust r a t e s a nan be r ci r e * t r e s c n t. a 1. 1 v e r. o r ph o 1 i n c 
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subunits so configured for oligomer assembly, and Example 
7 describes their preparation. 

C. Conversion of Subunits to Morpholi no Subunit 
5 Structures Purina Oligomer Assembly 

In addition to oligomer assembly by coupling of 

preformed morpholino subunit structures, morpholino 

oligomers can also be assembled by a method in which the 

morpholino backbone moieties are formed in the course of 

lu oligomer assembly. Fig. 8 illustrates a number of 

representative compounds suitable for this purpose, and 
Example 8 describes their synthesis. Key structural 
characteristics of the backbone moiety of any such compound 
include a primary aliphatic amine moiety and two or more 

15 vicinal hydroxyls. 



II . Oligomer Assembly 

This section describes methods for preparing 
morpholino oligomers of the type used in the invention, and 
the spatial and geometric considerations important in 
polymer construction . 

A. Side Chain Rotational Freedom 

The diversity of spatial arrangements of the side 
chains in a library of morpholino oligomers can be 
increased appreciably by use of nucleobase and similar side 
chains which are structured so as to control their 
orientation about the bond between the side chain and the 
1' atom of the morpholino backbone moiety. Based on NMR 
studies conducted in support of the invention, the 
„_ > _ r )-, 0 T^ r > r . b^rVbonp moip^v py i sts predominantly in a chair 



35 



As indicated m Fig. 1C, pyrimidines and related side 
chains which contain a bulky group at the 2 position and a 
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the 8 position can exist in either the syn or anti 
conformation about the X-l' bond. Further, purines and 
related side chains which contain a bulky group at the 8 
position exist predominantly in the syn conformation about 
5 the X-l' bond. 

B . Oligomer Linkage Rotomers 

In selecting suitable intersubunit linkage types, a 
key objective is to prepare an oligomer library containing 

10 a coilection of molecules, each of which has a definable 
spatial arrangement of side chains. In this regard, 
certain linkage constraints need to be considered. For 
example, if a bond has a high barrier to rotation, 
resulting in two distinct rotomers, and both rotomers are 

15 present at significant concentrations, then a given 
molecular specie containing such linkages would be expected 
to contain 2" distinct, but slowly interconverting 
conformations, where n is the number of rotomer-generating 
restricted-rotation bonds in that oligomer. This results 

20 in a diverse collection of rotomers, only one of which has 
the desired spatial arrangement of side chains. 

Even if the desired rotomer can be isolated, except in 
special cases it will slowly interconvert to form the 
original mixture of rotomers. In this context, tertiary 

25 amides and related groups containing a carbonyl linked to 
a nitrogen containing two alkyl groups are well known to 
exhibit two distinct rotomer forms which interconvert only 
very slowly at physiological temperatures. For instance, 
amides containing the dialkyl nitrogen of proline have been 

30 reported to have a T, /2 of rotation of many hours at 37°C, and 



arrangement of side chains in polymeric structures, it is 
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failure of many proteins to spontaneously renature after 
heat denaturation . 

In view of the above considerations, intersubunit 
linkages containing tertiary amides might seem to be 
5 undesirable for morpholino oligomers destined for 
biological applications. However, in experiments carried 
out in support of the present invention, it has been 
discovered that in the special case of a carbonyl linked to 
the ring nitrogen of morpholino subunits , there is a 

10 relatively low barrier to rotation about this particular 
tertiary amide linkage, evidenced by the low Tc values for 
the amide-linked morpholino structures shown in Fig. 11. 

Accordingly , tertiary amide intersubunit linkages to 
the ring nitrogen of the morpholino backbone moiety are now 

15 known to be acceptable linkages for a variety of morpholino 
oligomers. Novel intersubunit linkages of this type, which 
heretofore appeared to be unacceptable on the basis of 
previously available information , are illustrated in 
structure 1 of Fig. 12, structure 4 of Fig. 14, structure 

20 2 of Fig. 15, and structure 2 of Fig. 16. 

C. Forming Oligomers with One-Atom Linkages 
One-atom- length linkages between morpholino subunits 

afford oligomer structures with little conformational 
25 freedom, which, in turn, minimizes the entropy cost of 
binding between such oligomers and suitable target 
structures. Fig. 12 shows two one-atom- length intersubunit 
linkages . 

Methods for joining morpholino subunits to form these 

30 one-atom-length intersubunit linkages are illustrated in 

• > ^ * .... * • . . i . . 
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during oligomer synthesis, as illustrated in Fig. 9 for 
35 ribose and glucose subunits. The methods of synthesis are 
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D . Forming Oligomers with Two-Atom Linkages 

Two- a torn- length linkages afford oligomer structures 
with greater conformational freedom than those with one- 
atom linkages. Exemplary two-atom linkages, shown in Fig. 
5 14, can be formed by the general methods illustrated in 
Fig. 13 and described in Example 9, or by the general 
method illustrated in Fig . 9 and described Example 10 . 

Additional methods of synthesis of oligomers from 
morpholino subunits are also described in co-owned U.S. 
10 Patent No. 5,235,033, and 5,185,444, which are incorporated 
herein by reference. 

E . Forming Ol igomers with Three- Atom Linkages 

Fig. 15 illustrates and Example 11 describes methods 

15 of forming representative three-atom-length linkages 
between morpholino subunits . Additional methods are 
described in co-owned U.S. Patent Nos . 5,235,033 and 
5,185,444. Such linkages properly space and position 
suitable nucleobase side chains for Watson/Crick binding to 

2 0 complementary single- stranded oligonucleotides , and to 
suitable complementary morpholino oligomers. Further, 
incorporation of a relatively rigid carbamate or 
thiocarbamate intersubunit 1 inkage ( structure 1 of Fig . 15 ) 
largely precludes stacking of adjacent nucleobase side 

2 5 chains in aqueous solution , resulting in substantial 
hydrophobic character for such nucleobase -containing 
ol igomers . In contrast , incorporation of relatively 

flexible sulfonyl, and particularly phosphoryl linkages 
(structures 3, 4, and 5 of Fig. 15) affords good stacking 

30 of adjacent nucleobase side chains in aqueous solution, 



F . Forming Oligomers with Four-Atom Linkages 
35 Still greater spacing of the side chains in a 
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intersubunit linkages are shown in Fig. 16. Methods of 
forming such linkages are described in Example 12. 

It will be appreciated that non-morphol ino subunits 
can be introduced into the morphol ino-subunit oligomers, 
5 either in linear or branched portions thereof, by selecting 
subunit structures having suitable donor and acceptor 
groups, and incorporating these subunits into the oligomer 
by the general coupling methods described herein. 

10 G . Forming Oligomers with Branches 

Utilization of one or more branches in an oligomer can 
substantially increase the spatial diversity of its side 
chains relative to unbranched oligomers. One or more 
branches in an oligomer also serves to increase structural 

15 complexity by positioning a greater number of side chains 
in a small area, resulting in an increased likelihood of 
multiple interactions with a suitable target structure. 
Fig. 17 shows a portion of a morpholino-subunit oligomer 
having a branch linkage at which a 1-N subunit branch 

20 extends from a dominant linear portion of the oligomer (the 
longest linear chain in the oligomer) . 

The branch oligomers may be formed by a variety of 
methods, typically by employing a branched structure which 
provides two nitrogens, each of which can be reacted with 

25 an activated subunit, as illustrated in Fig. 18. Example 
13 describes the preparation of several such in-line type 
branches. Example 14 describes the synthesis of branched 
oligomers with hub branches. Example 15 describes the 
covalent joining of branched ends. 

30 



described above. In general the libraries are constructed 
35 to contain oligomers having a large number of different 
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subunit structures with at least three, and typically 5-20 
different side chains, and at least about 1,000 different 
side chain sequences. Preferably the library contains 10 4 
to 10 7 different sequences, which may include different 
5 sidechains and different linkages - 

Each different-sequence specie in the library 
preferably exists in multiple copies, preferably 10 10 or 
more where microsequencing is employed to determine 
oligomer sequence . 

1 0 Subunits with the same X side chain but different Y 

and/or Z groups constitute different subunits, since 
changing the Y or Z moiety generally alters the relative 
spatial arrangement of the side chain in the oligomer. 
Further, subunits with the same X side chain and the same 

15 Y and Z, but with differing stereochemistry about the X 
and/or Y groups also constitute different subunits since 
changing the stereochemistry generally affords a 
substantial alteration of the spatial arrangement of the 
side chain in the oligomer. As a consequence, hundreds of 

20 different subunits can be readily prepared, in contrast to 
the four nucleotide subunits of enzymat ically-prepared 
oligonucleotides and the 20 amino acids of biologically- 
generated peptides . 

Combinatorial libraries of the type used in the 

25 invention may be formed by a variety of solution-phase or 
solid-phase methods in which subunits are added stepwise to 
growing oligomers, until a desired oligomer size is 
reached, as outlined below. 

3 0 A. Solid-Phase Particle Library 

alternately mixed and separated, with one of a selected 
35 number of subunits being added to each qroup of separated 

- -c rit a i ns oniy - . r-t lacmci specie, , :1 lowing a single bead, 
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once identified as containing the desired binding oligomer 
sequence, to provide oligomer for sequence identification. 

One preferred particle or bead for use in library 
5 construction is a macroporous bead having a density of 
between 1 and 1.3, and a size of about 20-200 /im. With 
reference to Fig. 20, the particle, which is shown 
f ragmentarily at 30, is preferably derivatized with a 
separator chain or tether , such as tether 32 , having a 

10 cleavable linkage 34 adjacent its distal or free end, such 
as detailed in Example 16 . 

Highly cross linked macroporous polystyrene particles 
(buoyant density 1.05 g/cm*) are particularly suited for use 
in preparing such ol igomer-part icles , and commercially 

15 available polystyrene particles with amine, hydroxyl, or 
carboxyl moieties covering their surfaces provide suitable 
sites for linking tethers and dyes or fluorescent groups. 

Polyethylene glycols and polypropylene glycols, 
preferably with average molecular weights in the range of 

20 400 to 6000, serve as effective tethers. Use of higher 
molecular weight tethers ( > 1000 MW) typically afford 
oligomer-particles with higher target binding capacities in 
the typical case where the target structure is relatively 
large, for example proteins, which generally range from 30 

25 to 100 angstroms in diameter. 

The selectively cleavable anchor between the tether 
and the oligomer should be stable to conditions used for 
subunit coupling, deprotection of termini, deprotection of 
side chains, and the aqueous conditions used for assessment 

30 of target binding. The linker should also be easily and 



hydroxymethyl-3-nitro-benzoic acid (cleavable with 350 nm 
liaht); and vicinal alcohols (cleavable with periodate) , as 
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Macroporous particles, each containing many 
femptomoles to a few picomoles of functional sites on its 
surfaces, and preferably having a buoyant density 
appreciably less than that of the target structure, are 
5 reacted to add to the surface a water soluble tether ending 
in a selectively cleavable anchor. Remaining sites on the 
particle surfaces may be reacted with a suitable dye or 
fluorescent group, or dye or fluorescent material may be 
incorporated within the particle matrix during its 

10 polymerization. Such label is desirable to improve 
visualization of the oligomer-particles in the course of 
assessing for target binding. 

A preparation of particles, containing at least 
several times as many particles as there will be oligomer 

15 species in the library, is next distributed into equal 
portions, where the number of portions is typically the 
same as the number of different subunits in the set of 
subunits to be used for assembly of the variable portion of 
the oligomers in the oligomer library. Each portion of 

20 particles is than reacted with a different subunit of the 
subunit set, such as subunit structure 36 in Fig. 20. 
After coupling, all portions of particles are combined, 
mixed thoroughly, washed, and treated to deprotect the 
oligomer termini. 

25 This subunit addition cycle, comprising distribution 

of particles into separate portions, coupling each portion 
with a different subunit, recombining, mixing, washing, and 
deprotection of the oligomer termini, is repeated until the 
desired number of subunits have been added to give a 

30 complete library of oligomers covalently bound to the 

washed, after which they are ready for use. Example 16 
35 describes representative procedures for preparing such 
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One particle in a completed library is illustrated in 
Fig. 20. The particle, shown f ragmentar i ly at 38, contains 
a plurality of oligomer molecules, such as molecules 40, 
each having the oligomer sequence ABCDEFGH, representing 
the sequence of eight different subunit side chains. As 
shown, each oligomer molecules is attached to the particle 
through a tether, such as tether 42, containing a cleavable 
linker, such as linker 44. Methods for forming library 
beads ot the type just described are given in Example 16. 



B. Preparing Oligomer Sequence Families 
In many applications, it may be desirable to prepare 
a library of oligomer families, where each family consists 
of different-length, but same-sequence oligomer molecules 

15 attached to the same particle. That is, the molecules all 
have the same sequence, beginning from one oligomer end, 
but contain different numbers of subunits, typically 
including molecules that contain from 1 to N subunits, 
where the largest oligomer contains N subunits . 

20 One exemplary particle in a completed library is 

illustrated in Fig. 21. The particle, shown f ragmentar ily 
at 46, contains a plurality of oligomer molecules, such as 
molecules 48, each having a portion of the sequence 
ABCDEFGH (including some molecules containing the entire 

25 sequence ABCDEFGH) , of an oligomer having this side chain 
sequence. As above, the oligomer molecules are each 
attached to the particle through a tether, such as tether 
50, containing a cleavable linkage, such as linkage 52. 
Two general methods for forming bead libraries of the type 

30 just will now be described and are detailed in Example 17. 
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fraction of subunit in the mixture (10% to 50%) is capped 
with a group which precludes coupling in subsequent subunit 
addition cycles. By this method each oligomer-particle 
will contain a family of oligomer species, this family 
5 comprising capped oligomers ranging from 1 to N-l subunits, 
and an uncapped oligomer of N subunits. 

If it is desirable to have the cap present during 
subsequent use of these particles for assessment of target 
binding, an acetyl cap is convenient. If it is desirable 

10 to remove the cap prior to use in the target binding 
assessment, a trif luoroacetate cap can be used. This group 
is removed during the treatment with ammonium hydroxide 
typically used for deprotecting side chains. In using 

this method of generating families of oligomers on a single 

15 particle, when branched oligomers are prepared, the method 
can lead to ambiguities in sequence information generated 
in the final mass spectral analysis. Such ambiguities 
arise because truncation can occur independently in each of 
the branches. A strategy to remove most, and often all of 

2 0 this sequence ambiguity is to incorporate a dual -mass cap 
in those oligomers which are truncated in the first- 
synthesized branch . One representative dual -mass scheme 
which is easily assessed in the mass spectral sequencing 
step entails utilizing a mixture of acetyl and benzoyl 

25 capped subunits in the subunit mixtures used for the first- 
synthesized branch of a branched oligomer, while using just 
the acetyl cap f or subunit mixtures used for all other 
subunits additions. This affords a mass series in which 
each oligomer truncated in the first-synthesized branch is 

30 distinguished by dual masses, separated by 62 mass units. 

subunits tor subunit mixtures used for all other subunit 
3 5 additions . After assembly of the oligomer library is 

trfatmcn t w itt* ^ m m o n 1 a . T his a 1 1 o r d <- mas s s eries i n 
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which each oligomer truncated in the first-synthesized 
branch is distinguished by dual masses, separated by 42 
mass units. 

An alternative method for generating oligomer- 
5 particles containing families of different-length, same 
sequence oligomers has been developed for morpholino 
oligomers. In this approach (which does not utilize 
mixtures of capped and protected subunits) , the protective 
group on the chain termini which is to be cleaved at the 

10 end of each subunit addition cycle is a trityl group on the 
ring nitrogen of a morpholino subunit. Trityl cleavage is 
carried out with dichloromethane solutions which contain > 
5% formic acid (v/v) . This formic acid treatment is 
effective to formulate the terminal morpholino nitrogen at 

15 a relatively constant rate for a given concentration of 
formic acid. For example, 7% by vol formic acid in 
dichloromethane formylates morpholino chain termini at a 
rate of 2.5%/hr at 20°C. Therefore, by simply exposing 

the particles containing nascent morpholino oligomers to a 

20 suitable formic acid deprotection solution for a selected 
period of time one can achieve truncation of a desired 
percent of chain termini . When concentrated ammonium 
hydroxide, neat or as a 1:1 v/v mixture with 
dimethylf ormamide, is used for deprotecting the side 

25 chains, these formyl moieties are cleaved from the 
truncated chains, leaving the terminal morpholino nitrogen 
in the free base form. For branched oligomers, it is 
desirable to utilize the dual mass capping strategy 
described above for the first-synthesized branch, and this 
30 controlled formylation method for all other subunit 



The combinatorial libraries described above are used 
to ^plect one or more oliqomer species in the library that 
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interest, that is, one for which it is desired to identify 
a oligomer (ligand) that binds specifically to the 
receptor, to affect the functioning of the receptor in its 
normal physiological setting . 
5 For example, the receptor may be an enzyme, where the 

oligomer is able to bind to the active site of the enzyme 
or otherwise inhibit the action of the enzyme on a normal 
substrate. In another general embodiment, the receptor 

may be a cell receptor protein, such as an ion channel or 

10 other transport receptor protein, or a receptor site for a 
hormone or other cell effector , or a receptor site for 
binding of pathogenic bacteria or viruses to a cell 
surface. The receptor protein may be associated with 
isolated cells with culture cells, with biological membrane 

15 particles isolated from tissues, with cells which are 
transformed to produce the receptor recombinant ly , or with 
isolated cell receptors. Receptor proteins of this type, 
and expressed or isolated in a variety of forms, have been 
described in the literature, such as that cited above. 

20 In a related embodiment, the receptor is an antibody 

or antibody fragment, where it is desired to identify an 
"artificial" epitope ligand that binds specifically and 
with high affinity to the antibody. 

In a typical application, the library of oligomers is 

25 screened for oligomer (ligand) molecules that bind 
specifically and with high affinity, e.g., with a binding 
constant K u greater than 10 6 M, to the receptor. In one 
embodiment, illustrated in Fig. 22, receptor molecules, 
such as molecules 54, are attached to a solid support 56. 

30 Attachment may be by way of covalent or noncovalent 



anchored on a solid support. Methods for attaching 
35 proteins or cells to a solid support are well known. 
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oligomer molecules making up the oligomer library, under 
conditions that allow binding of only one or a few oligomer 
species to the receptor. The binding conditions, e.g., 
salt concentration, pH and/or temperature may be 
5 selectively varied, according to standard methods, to 
ensure that only the highest-affinity oligomer species are 
bound to the receptor. 

In the method illustrated in Fig. 22, the library is 
constructed as above to include a library of particles, 

10 each containing multiple copies of the same-sequence 
oligomer. The particles are reacted with support-bound 
receptors under conditions which promote binding to the 
solid surface of library particles, indicated at 58, that 
carry high-affinity ligands, such as oligomers 60, for the 

15 receptor . 

Following this binding, the solid surface is washed to 
remove unbound or less tightly bound particles, and the one 
or more remaining bound particles are then analyzed, 
according to methods described below , to determine the 

2 0 sequence of the high-af f inity oligomers . 

Figs. 22A-22D illustrate various solution-phase 
methods for identifying desired library oligomer 
sequence(s) . Here a library particle 62 carrying 

molecules, such as molecules 64, having one of the library 

2 5 sequences is reacted with the receptor 66 in solution 

phase, under conditions which lead to receptor binding to 
high-affinity library particles, as illustrated in Fig. 
23B. The particles with bound receptor may be further 

reacted with reported-labeled antibody 68 specific against 

3 0 the receptor molecules, to label the desired library 
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microscopy, or using standard cell sorting methods to 
isolated reporter- 1 abe led particles. 
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tne particle density sufficiently to separate receptor- 
bound particles on the basis of differential density, as 
illustrated in Fig. 23D. The figure shows a receptor-bound 
particle being separated by centr i f uga t i on or particle 
5 settling in a medium 70 whose density is intermediate 
between the density of particles 72 that do not contain 
bond receptor, and those, such as particle 62, that do. 

A preferred type of particle for density separation 
which has desired density and solvent-resistance properties 

10 is macroporous polystyrene particles in the size range of 
20 to 200 microns in diameter. Such macroporous particles, 
which are used for ion exchange chromatography, can be 
obtained which have large surface to mass ratios, suitable 
pore sizes (in the range of 400 to 1000 angstroms), and 

15 which have surfaces containing covalently linked amine, 
hydroxyl, or carboxyl groups, which provide convenient 
sites for anchoring oligomers. 

Other methods of isolating library particles having 
desired receptor-binding properties are also contemplated. 

20 For example, in the case of an antibody receptor, the 
bivalent nature of the antibody could be used to crosslink 
particles having high-binding ligands on their surfaces. 

Alternatively, where the receptor is carried on cell 
surface, the library particles, such as polymeric particles 

25 having particle sizes in the 0.5-2 fim range, are reacted 
with the cells under conditions that promote ligand- 
s pec if ic receptor surface binding , f ol lowed by one or more 
cell washes, to remove unbound particles, and release of 
bound particle (s) from the washed cells. 

30 



the oligomer molecules, it must be sequenced to determine 
35 the sequence of side chains. This may be done in 
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A . Oligonucleotide Ampl if i cat ion 

As indicated above, the oligomer library may be formed 
of oligomer molecules having (i) nucleobase side chains and 
(ii) intersubunit linkages that allow Watson-Crick base 
5 pairing between the nucleobases the bases of complementary- 
base sequence oligonucleotides. 

In this embodiment, the isolated oligomer molecules, 
whether in solution phase or carried on a particle, are 
reacted with a combinatorial library of oligonucleotides, 
10 under hybridization conditions that permit complementary 
strand hybridization between the selected oligomer 
molecules and same-sequence oligonucleotide molecules. 

The bound oligonucleotide molecules are then released, 
made double stranded, amplified, e.g., by polymerase chain 
15 reaction, and sequenced according to standard methods. The 
sequence obtained corresponds then to the side-chain 
sequence of the isolated oligomer molecules. 

Both the library oligomer molecules and the random- 
sequence oligonucleotides may have known-sequence 
20 oligonucleotide end segments to enhance hybridization 
between the two. If the oligomers are designed to contain 
a mixture of nucleobases and either modified nucleobases or 
non-nucleobase sidechains, the stringency of the 
hybridization conditions may be reduced, to allow some non- 
25 pairing with oligomer bases. Sequencing the bound 
oligonucleotides would be effective to reconstruct the 
oligomer sequence in some, but not all, subunit positions. 

B . Isolated Particle Sequencing 

30 In the embodiment in which the library oligomers are 



molecules are sequenced, e.g., by micro mass spectrometry, 
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nicrosequencing , to avoid the problem of sequencing mixed- 
sequence oligomers derived from different beads. 

In a modification of this approach, the library 
particles are prepared to contain a family of different- 
5 length, same-sequence oligomer molecules, as described 
above. After cleavage of the family of oligomers from an 
isolated particle surface, sinapinic acid is added and the 
material is placed under reduced pressure to remove 
volatile material, and then inserted into a mass 

10 spectrometer, preferably a laser-desorpt ion time-or-f light 
mass spectrometer. By this means, when the oligomer- 
particles are assembled as described above, the mass 
spectrum permits ready determination of the exact mass of 
each subunit, as well as the order of said subunits in each 

15 oligomer specie of the family of oligomers. This procedure 
even affords exact structures for properly assembled 
branched oligomers . Once the sequence has been 

determined for the family of N oligomers species from a 
single particle, oligomers having that sequence, and sizes 

20 ranges from 1 to N subunits, may be prepared to determine 
the oligomer length that affords highest binding affinity, 
or which provides the best compromise between high binding 
affinity and length . 



2 5 C . Solut i on -Phase I terat ive- Search Method 

In those cases where it is desirable to test oligomers 
free in solution, instead of attached to the surface of a 
particle, oligomer libraries can be prepared as described 
earlier, but cleaved from the support before testing. When 

30 testing is carried out with oligomer free in solution, one 



ot these oligomers free in solution, along with an 
iterative selection and synthesis process for the 
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after those reported by Houghten, et al . (Nature 354 84 
( 1991) ) . 

From the foregoing, it can be appreciated how various 
ob j ects and features of the invention are met . The 
5 combinatorial library is easy to synthesis by stepwise 
solution-phase or solid-phase methods, with the morpholino 
subunit structures making up the oligomers being preformed 
or formed during stepwise synthesis . The ability to 
construct subunit structures with a wide range or 

10 nucleobase , modified nucleobase , aromatic , aliphatic, and 
mixed base side chains allows the construction of libraries 
having virtually any desired degree of complexity. The 
possible complexity of the libraries is further enhanced by 
the stereochemical variations , and variations in linkages 

15 that are possible , as wel 1 as the ability to construct 
branched ol igomers . 

The oligomers may be readily screened for a desired 
interaction with a selected receptor, e.g., according to 
binding affinity. The invention provides a variety of 

20 methods for isolating library particles containing desired 
oligomer ligands, as well as simple methods for determining 
oligomer sequences . 

The f ol lowing examples i 1 lust rate various synthetic 
procedures for preparing oligomers useful in the invention. 

2 5 The examples are intended to illustrate, but not limit the 
scope of the invention. 

Materials 

Unless otherwise indicated , chemicals are purchased 
30 from Aldrich Chemical Co. Abbreviations used: Tr - trityl 



fluorenylmethyl)oxycarbonyl; T B D M S - t o r t - 

i r - butyldimethylsilyl ; TBDPS = tert-butyldipheny lsi ly 1 , Ac - 

. -ene, NKI - . -~c-t.hy - -pyru, iainont . 
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Referenced Methods 
The following references disclose various synthetic 
procedures referred to in the examples, and are 
incorporated herein by reference: 
5 Allevi, et ai . , J. Chem. Soc, Perkin Trans 1:1275 

( 1981) . 

Araki, et ai . , Tetrahedron Lett. 29:351 (1988). 
Armitage, et al . , J. Chem. Soc, Perkin Trans 1:680 
(1972) . 

10 Bellosta and czernecki, J . Chem, Soc., Chem. Commun . , 

199 (1989) . 

Benseler and McLaughlin, Synthesis, 46 (1986). 
Carpino, et al . , J. Chem Soc, Chem. Commun. 358 
(1978) . 
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Example 1 

Preparation of Morpholino Subunits from 
Substituted Ribof uranos ides 

A. General Procedure for Protection of the R Group 

20 1. Protection of amino groups on heteroaromatic 

rings. The ribof uranoside (1 mol) is suspended in 

acetonitrile (2.5 L) and hexamethy ldisi lazane (5 mol) is 

added. The solution is refluxed until solution is complete 

and the solvents then are removed by distillation. 

25 Residual hexamethy 1 di s i 1 a zane is removed by addition of 

xylene (1L) and removal by distillation. The residue is 

dissolved in pyridine (2.5 L) and treated with 

trimethylchlorosilane (5 mol) . After the solution is 

stirred for 15 minutes, an acid chloride or chlorof ormate 

30 or similar acylating agent (5 mol) is added and the 



is added, and the reaction is stirred for 15 minutes. The 
35 solution is evaporated to near dryness and the residue is 
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Representative examples of r 1 bof ura nsoides and the 
corresponding acylating agents are cytidine and benzoyl 
chloride; adenosine and benzoyl chloride; guanosine and the 
ester formed from 1 -hydroxybenzotr i a zol e and phenylacetyl 
5 chloride (Benseler and McLaughlin) . Alternatively, the 
FMOC group may be introduced by the method of Heikkila and 
Chattopadhyaya . 

2. Protection of aliphatic or carbocyclic 
aromatic amines. Amino groups are protected by conversion 
10 to the trif luoroacetamide by treatment with p-nitrophenyl 
trif luoroacetate or trif luoroacetic anhydride, or by 
conversion to the 2-trimethy lsi lylethyl carbamate by the 
method of Carpino or the FMOC group by the method of 
Carpino and Han. 

15 3 . Protection of thiols. The mercapto group is 

reacted by the method of Armitage, et al , to produce the S- 
disul f ide . 

4. Protection of alcohols. Alcohols may be 
protected by reaction with benzoyl chloride or a 
20 substituted benzoyl chloride, eg, anisoyl chloride, in 
pyridine to form the ester. Alternatively, the hydroxyl 
group is silylated with t-buty ldipheny lsi ly 1 chloride and 
imidazole in DMF . 

2 5 B . General Procedure for Formation of the Morpholino 

Ring 

1. Using ammonia. The furanoside (1 mole) is 
oxidized in methanol ( 4L) at room temperature by the 
addition of sodium periodate (1.1 mol) in 400 mL of warm 
30 water with vigorous stirring and exclusion of light. After 



the mixture is treated with sodium cya nobor ohydr ide ;i mol) 
followed by 6N hydrochloric acid until a pH = 4.5 is 
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As an alternative, p-toluenesul f onic acid (or other 
arylsulfonic acid) may be used in place of 6N HCl in the 
reduction step. In certain cases a crystalline salt of the 
morpholino derivative and the sulfonic acid is obtained 
5 which may be filtered off and used in the next step. This 
method is especially effective for morpholino derivatives 
of uridine, N-4 benzoy lcytidine and N-2 

pheny lacpty 1 guanos ine . 

2. Using primary amines. The r ibof uranoside is 

10 oxjdired with periodate as in the example above, and the 
filtered dialdehyde treated with 1.2 moles of a primary 
amine. Two amines which are satisfactory for this purpose 
are 4-^cthoxyaniline and 4 -methoxybenzy 1 amine. After 
stirring for 30 minutes, the mixture is treated with sodium 

15 cyancborohydride (1 mol) followed by 6N hydrochloric acid 
until a pH = 4.5 is obtained. The reaction is allowed to 
sit at room temperature overnight and the product N-aryl or 
N-alkyl morpholino subunit is filtered from solution. 

2 0 C. General Procedure for Pr otection of the 

Morpholino Ring Nitrogen 
The crude residue, or sulfonate salt, from the 
morpholino ring synthesis is suspended in DMF (2L) and 
treated with t r iethy lamine (10 moles) and evaporated to 
25 near dryness. The residue is again suspended in DMF (2L) 
and treated with tr i ethy 1 am i ne (4 moles) and trityl 
chloride (2 moles) while the temperature is maintained at 
10 degrees C. The reaction is vigorously stirred for 15 
minutes at room temperature, then quenched by the addition 
30 of piperidine (1 mole). After 5 minutes, the reaction is 
♦ ~ ^ ▼ r . , t + - - . t-. r ■ - -tr>- /c^tH NaT! 1 ut i on - 



20-c isopropanol/chloroforir. ana the mixture washed 
consecutively with water, 5% sodium bicarbonate, and brine. 
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The subunit may be pur 1 f led by silica gel chromatography . 

As alternatives , base sensitive amine protect ing 
groups may be incorporated, for example, 9- 
5 f luoreny lmethyl car bony 1 (using FMOC chloride in 
pyridine/DMF and quenching with water) . 

D. General Procedure for the Removal of Alkvl and 
Arvl Groups from the Morphol ino Nitrogen of 
1 0 Morphol ino Su bun its 

For morphol ino subunits possess i ng benzyl ic groups at 

the morphol ino nitrogen, the compound is hydrogenated over 

Pd catalyst in methanol of methanol / DMF mixtures. The 

secondary amine produced may be protected as in the general 

15 Example. 

For morpholino subunits possessing either 4- 
methoxy phenyl or 4 -me thoxy benzyl groups at the morphol ino 
nitrogen , the compound is dissolved in methanol or 
methanol / DMF mixture containing 4 molar equivalents of 
20 acetic acid and 2 molar equivalents of sodium acetate. 
Cerric ammonium nitrate (2 molar equivalents) is added and 
the reaction stirred at room temperature for 1-2 4 hours . 
After evaporation of the solvents the morpholino nitrogen 
may be protected as in the general Example. 

25 

Example 2 

Pre pa ration of Morphol ino Subunits from 
Substituted Hexopyranosides 

A . General Procedure for Protection of the R Group 

3 0 1 . Protection of amino groups on heteroaromat ic 

rings. Protection is done as in Example 1A1 . 



in Example 1A3 . 

4. Protect ion of alcohols. 



Protection is done 
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B . General Procedure for Formation of the Morpholino 
Ring 

The morpholino ring is constructed as in Example IB 
with the sole exception that 2.2 moles of sodium periodate 
5 are used in the oxidation step. 

C . General Procedure for Protection of the 
Morpholino Ring Nitrogen 

The morpholino ring nitrogen is protected as in Example 

10 1C. 

D. General procedure for the removal of alkyl and 
aryl groups from the morpholino nitrogen of morpholino 
subunits . 

15 The nitrogen is deprotected as in Example ID. 

Example 3 

Preparation of Subunits with Nucleobase Side Chains 
The example illustrate the use of the D-sugars. The 
20 enantiomeric subunits may be obtained by employing the 
corresponding L-sugars . 

A . Uracil as Nucleobase 

1. Uridine was converted into the morpholino 
25 subunit 32.2b ( Xi=uraci 1-l-y 1 ) by the general procedure. 

2. Uracil is bis-trimethy lsi lylated according to 
the procedure of Niedballa and Vorbruggen. Uracil is 
dissolved in benzene, and added to 1 , 2 , 3 , 4 , 6-penta-O- 
acetyl-tf-D-glucopyranose 33.1b (Xi = /3-OAc) (Niedballa and 

30 Vorbruggen) in 1,2 dichloroethane followed by tin 
• ^ v } , ; - ^.^ir^T^Y-o^th^n^ ^rror^inq to the method 

urac:l-l-yl j . Fcllowinq methanol ys i s w:tn scdiun rriethoxide 
35 in methanol the i - (B-D-glucopyranosyl ) uracil 33.1a (Xi= (3- 

I piie i i:,. . : . . . i a . ■ , t-> * ^ i - ■■ 

prccedur e . 
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B . Thymine as Nucleobase 

1. Ribothymidine 32.1a ( X i = /? -t hym i n- 1 -y 1 ) is 
prepared by the method of Tronchet, et al . It is converted 
into the morpholino subunit 32.2b ( X i =£-thymi n- 1 -y 1 ) by the 

5 general procedure. 

2. Thymine is silylated by the general procedure 
of Wittenberg and reacted as for uracil in the Example 3a2 
abovp to prepare the morpholino T derivative 32.2b (Xi=/?- 
thymin- 1-y 1 ) . A wide variety of other 5-subst ituted 

10 uracils (halo, alkynyl, alkyl, alkenyl, nitro) may be 
prepared in this manner. In some cases the use of 
acetonitrilc in the Hi lbert- Johnson reaction is 
advantageous . 

15 C . N4-benzovlcvtosine as Nucleobase 

1. Cytidine was converted into the morpholino 
subunit 32.2b ( Xi=/3-N4-benzoylcytidin-l-y 1 ) by the general 
procedure . 

2 . The 1- ( 2 , 3 , 4 , 6 - tet r a -0-acety 1-/3-D- 

2 0 glucopyranosy 1 ) uracil from Example 3A2 is treated with 
phosphorus pentasulfide in benzene to provide the 4- 
thiouraci 1 derivative . Reaction with tri ethyl amine and 
dimethyl sulfate produce the S-alkylated species which is 
converted into 1 - ( /3-D-g lucopyr anosy 1 ) cytos me 33.1a (Xi=/8- 
25 cytidin-l-yl ) by treatment with methanolic ammonia. 
Following protection of the heterocyclic amine this is 
converted into the morphol ino subunit 32.2b (Xi=/3-N4- 
benzoy lcyt idin-l-yl) by the general procedure . 

3. The 1 - ( /3-D-glucopyranosy 1 ) uraci 1 from Example 
30 3A2 is treated with hexmethy ldisi lazane by the method of 



A. Cy;osine is silylated by the general method 
of Wi ttenberq . It is reacted with 1,2,3,4, 6 -pent a -O- 
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according to the method of Vorbruggen and Niedballa to 
provide the i - ( 2 f 3 , 4 , 6-tetra-0-acety l-(3-D- 

glucopyranosy 1 ) cytosine 33.1b ( X i=f3 -cyt id in- 1 -y 1 ) . 

Following methanolysis with sodium methoxide in methanol 
5 the 1- (/3-D-glucopyranosyl ) cytosine is obtained. Following 
protection of the heterocyclic amine this is converted into 
the morpholino subunit 32.2b (Xi=/3-N4-benzoylcytidin-l-yl) 
by the general procedure. 

10 D. N4 -Benzoyl adenine as Nucleobase 

1. Adenosine was converted into the morpholino 
subunit 32.2b ( Xi=j3-N6-benzoy ladenin-l-y 1 ) by the general 
procedure . 

2 . N-6-Benzoyl-9- (2,3,4, 6-tetra-O-acety 1 -0-D- 
15 glucopyranosyl) adenine ( Lichtenhaler , et al . ) is treated 
with 2:1 ammonium hydroxide/DMF at 45 degrees C for 15 
hours to give 9- (/3-D-glucopyranosy 1 ) adenine 33.1a (Xi= 0- 
adenin-9-yl) . The amino group is protected as in the 
general Example and the morpholino subunit 32.2b (Xi= 0-N4- 
20 benzoyladenin-9-yl) produced by the general procedure for 
hexopyranosides. A more direct method for the conversion 
of the glucoside into the morpholino subunit employs the 
selective o-deacy 1 at i on procedure of Rammler and Khorana on 
N-6-Benzoyl-9- ( 2 , 3 , 4 , 6-tetra-0-acetyl-/3-D- 
25 glucopyranosyl ) adenine to give N - 6 -Benz oy 1 - 9 -( /3-D- 
glucopyranosyl ) adenine which is converted into the 
morpholino subunit by the general procedure. 



30 



E. Hvpoxanthine as Nucleobase 

1. Inosine was converted into the morpholino 



of Wittenberg. It is reacted with 1 , 2 , 3 , 4 , 6 -pent a-0- 
■vl -fl-D-alucopyranose in 1,2 d i ch 1 or oethane followed by 



..i I' «... 
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glucopyranosyl ) hypoxanthine 33.1b (Xi= 0-hypoxanthin-9-y 1 ) . 
Methanolysis of the esters and application of the standard 
procedure for morpholino ring synthesis produce the subunit 
32.2b (Xi= £-hypoxanthin-9-yl ) . 

5 

F . N2 -Pheny 1 acetyl guanine as Nucleobase 

1. Guanosine was converted into the morpholino 
subunit 32.2b (Xi= /3-N-2 -pheny lace ty lguan i n-9 -y 1 ) by the 
general procedure for ribof uranosides . 

10 2 . N-2 -Acetyl -9 - (2 ,3,4, 6- tetra-O-acety 1-/3-D- 

glucopyranosyl ) guanine (Lichtenhaler , et a 1 . ) was treated 
with 2:1 ammonium hydroxide/DMF at 45 degrees C for 15 
hours. The amino group is protected as in the general 
Example and the morpholino subunit 32.2b (Xi= j8-N-2- 

1 5 pheny lacety lguan i n-9 -y 1 ) produced by the general procedure 
for hexopyranosides . 



Example 4 

Preparation Subunits with Modified Nucleobase Side Chains 
20 A variety of pyrimidines, purines, and their analogs 

may be converted into the corresponding ribof uranosides and 
hexopyranosides by the methods of Niedbal la and Vorbruggen 
and by the methods of Lichtenhaler , et aJ . These may be 
further processed to morpholino subunits as per the 
25 examples below. 

A . 6-Methy lurac i 1 as Side Chain 

6-Methy lur idine (Winkley and Morris) is converted into 
the N-tritylated morpholino subunit by the general 
30 procedure to give 32.2b (Xi= /8-6-methy 1 uraei 1- l -y 1 ) . 



Lxample 4A with methyl iodide and DBU in DMF affords the N- 
3 methylated derivative 32.2b (Xi= fi-N 3 , 6-d i methy lurac i 1 - 1 - 
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C . 6-Methylcytosine as Side Chain 

l 9 6-Methylcyt idine (Winkley and Robins) is 
converted into the morpholino subunit 32.2b (Xi = 0-6- 
methylcytosin-l-yl) by the general procedure. 
5 2. Treatment of 32.2b (Xi= /3-6-methy luraci 1-1- 

yl) from Example 4A with TBDMS-Cl in pyridine followed by 
triisopropylbenzenesulfonyl chloride in methylene chloride 
containing tr iethy lamine provides the 0-4 sulfonated 
species which is converted into 32.2b (Xi= ;3-N4-benzoy 1-6- 
10 methy 1 cytos in- 1 -y 1 ) by treatment with ammonia in DMF 
followed by protection of the base by the standard 
procedure and silyl cleavage. 

D. N4 . 6-Dimethvlcvtosine as Side Chain 

15 Treatment of 32.2b (Xi = /3-6-methy luracil-l-yl ) from 

Example 4 A with TBDMS-Cl in py idine followed by 
triisopropylbenzenesulfonyl chloride in methylene chloride 
containing tr iethy lamine provide the 0-4 sulfonated species 
which is converted into 32.2b (Xi= /3-N4-benzoy 1-N4 , 6- 

2C dimethylcytosin-l-yl ) by treatment with methylamine in DMF 
followed by protection of the base by the standard 
procedure and silyl cleavage . 

E . N6 , N6-dimethy ladenine as Side Chain 

2i Inosine was converted into the N-tritylated morpholino 

subunit 32.2b (Xi= hypoxanth in-9 -y 1 ) by the general 
procedure. Following conversion into the 5-t- 

butyldimethylsilyl ether using TBDMS-Cl in pyridine, 
treatment with triisopropylbenzenesulfonyl chloride in 

30 methylene chloride containing tr iethy lamine provide the 0-6 



Y . p -Met hy 1 hypcxanth i ne as Side Chain 
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8 - in e t h y 1 - 9 - (2 , 3 , 5-Tri-O-benzoyl-beta-D- 
r i b o f u r a n o s y 1 ) h y p o x a n t h i n e 32.1b ( Xi= (3-8- 

methy lhypoxanthin-9-y 1 ) by the method of Lichtenhaler , et 
al . This product is converted into the morpholino subunit 
5 32.2b(Xi= 0-8 -methy lhypoxanth i n-9-y 1 ) produced by the 
general procedure for r ibof uanosides . 

G - 8 -Methy lhypoxanthine as Side Chain 
The hypoxanthine morpholino subunit from Example 3E is 
10 treated with 1.1 equivalents of sodium hydride in DMF 
followed by methyl iodide to produce the 1,8- 
dimethy lhypoxanthine morpholino subunit 32.2b (/3-N1- 
methy lhypoxanthin-9-y 1 ) . The use of other alkyl groups 
allows the formation of other 1 -a Iky a ted hypoxanthine 
15 subunits. 

H . Nl , 8-Dimethvlhypoxanthine as Side Chain 

The 8-methy lhypoxanthine morpholino subunit from 
Example 4F is treated with 1 . 1 equivalents of sodium 
20 hydride in DMF followed by methyl iodide to produce the 
1 , 8-dimethy lhypoxanthine morpholino subunit 32.2b ()3-Nl,8- 
dimethy lhypoxanthin-9-y 1 ) . 

I . 8-Bromo-N2-pheny lacety lquanine as Side Chain 

25 The guanosine is brominated by stirring with N- 

bromosuccinimide in DMF at room temperature by the method 
of Srivastava and Nagpa 1 . Th is is converted i nto the 
morpholino subunit 32.2b (Xi= /3-8 -br omo-N2 - 

phenyl acety lguanin-9-yl ) by protection of the amine, 

3 0 morphol ino ring synthesis and tritylation as per the 



J . s -Methy } thi o-N2 - pheny 1 acety 1 quani no as S i de Chain 
35 The 8-bromoguanine derivatives in Example 41 are 
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sodium thiomethoxide in DMF. The 8-bromoadenine and 8- 
bromohypoxanthine species may be similarly converted. 

Example 5 

5 Preparation of Subunits with Non-Nucleobase Sid e Chains 

A . Methvl 4(5) -methyl imidazole- 5 ( 4 ) -c arboxvlate as 

Side Chain 

Methyl 4 (5) -methyl imidazole-5 (4 ) -carboxylate is 

silylated and reacted with an equimolar amount of 

10 1 , 2 , 3 , 4 , 6-penta-O-acety I-p-D-y lucopyranose by the method of 
Cook, et al . , using at least 1.44 mole of stannic chloride 
per mole sugar yields the acetylated sugar. Methanolysis 
with sodium methoxide in methanol provides methyl 5-methyl- 
1- (/8-D-glucopyranosyl) imidazole-4-carboxylate 33 . la (Xi= 4- 

15 methoxycarbonyl-5-methylimadzol-l-yl . This may be 

converted into the morpholino subunit 32.2b (Xi=^ 0-4- 
methoxycarbonyl-5-methylimadzol-l-yl) by the standard 
procedure . 

2 0 B. 2-Oxo-l . 2-dihyropvridin-l-v l as Side Chain 

The pyridone r ibof uranoside 32.1a (Xi = 0-2-oxo-l,2- 
dihyropyridin-l-yl ) (Pischel and Wagner) is converted into 
the corresponding morpholino subunit 32.2b (Xi= /?-2-oxo- 
1 , 2-dihyropyridin-l-yl) by the standard procedures. 

25 

C . 2-Oxo-l . 2-dihyroovriinidin-l-vl as Side Chain 
The pyrimidone r ibof uranoside 32.1a (Xi= 0-2-oxo-l,2- 
dihyropyrimidin-l-yl) (Holy, et al) is converted into the 
corresponding morpholino subunit 32.2b (Xi= 0-2-oxo-l , 2- 
30 dihyropyrimidin-l-yl) by the standard procedures. 



o-benzimidazol-l-ylj prepared by the ir.cthoa ol Southon ana 
pfleiderer is converted into the morpholino subunit 32.2b 
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The methods below may be used to prepare a wide 
variety of aryl substituted morpholino subunits. 

1. 34.1a (Xi= C 6 H S ) The C-phenyl glycoside 33.1a 
(Xi^ ^-phenyl) prepared by the method of Czernecki and 

5 Ville is converted into the morpholino subunit 32.2b (Xi = 
/3-phenyl) by the general procedure. 

2. 34.2a (Xi= C h H s ) 3 , 4 , 6-Tr i -O-benzy 1 - 1 , 2 - 
anhydro-p'-D-mannopyranose was reacted with lithium diphenyl 
cu prate ( Posner ) using the procedure of Bellosta and 

10 Czernecki. The phenyl mannopyranoside 33.3d (Xi= a-phenyl) 
is hydrogenated to remove the benzyl groups and converted 
into the morpholino subunit by the standard procedure to 
provide 34.2a (Xi = a-phenyl) . 

3. 34.3a (Xi= C ft H s ) This is made from L-mannose 
It by the procedure in 4E2 . 

4. 34.4a (Xi= C 6 H S ) This is made from L-glucose 
by the procedure in 4E1. 

F . Alkvl as Side Chain 
20 The methods below may be used to prepare a wide 

variety of alkyl or aralky 1 (for example, benzyl or 
phenethyl) substituted morpholino subunits. 

1. 34.1a (Xi= CHJ The c- methyl glycoside 33 . lb 
(Xi= p-methyl) prepared by the method of Bellosta and 

2[, Czernecki is converted into the morpholino subunit 32.2b 
;xi= /V-methy 1 ) by the general procedure. 

2. 34.2a (Xi= CH^) 3 , 4 , 6-Tr i -O-benzy 1 - 1 , 2 - 
anhydro-0-D-mannopyranose was reacted with lithium dimethyl 
cuprate ( Posner) using the procedure of Bel losta and 

30 Czernecki. The methyl mannopyranoside 33.3d (Xi= a-ethyl) 



3. 34.3a (Xi= CHJ This made from L-mannose 

r v thf procedure in 4F2. 
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G . Aliphatic Side Chains Bearing Hydroxy Groups 
1 . Hydroxvmethyl 

a. 34.1a (Xi = CH 2 OTBDPS): The vinyl 
glucopyranoside 33. Id (Xi = /3-etheny 1 ) , prepared by the 

5 method of Kraus and Molina is ozonolyzed in a mixture of 
methanol and ethyl acetate and after removal of the ozone 
the reaction is quenched with sodium borohydride in 
methanol to provide the alcohol 33. Id (Xi = £-CH 2 OH) . This 
is converted into the t-buty ldipheny lsily 1 ether by the 
10 general procedure. Catalytic hydrogenat ion removes the 
benzyl protecting groups and the molecule is converted into 
the morpholino subunit 34.1a [32.2b] (Xi= jS-CH ? OTBDPS ) by 
the genera 1 procedure . 

b. 34.2a (Xi= CH ? OTBDPS) : 3,4,6-Tri-O- 
15 benzyl-1 , 2-anhydro-/3-D-mannopyranose is reacted with 

lithium divinyl cuprate (Posner) (REF) using the procedure 
of Bellosta and Czernecki. The vinyl mannopyranoside 33.3d 
(Xi= a-ethenyl) is further treated as per the procedure in 
Example 4Gia to provide 34.2a (Xi = CH 2 OTBDPS) . 

20 c. 34.3a (Xi= CH ? OTBDPS) : The alcohol 33 . Id 

(Xi= j3-CH 2 OH) prepared as in Example 4Gla is converted into 
the t-butyldiphenylsilyl ether by the general procedure. 
Catalytic hydrogenat ion removes the benzyl groups. The 
glucoside is converted to the "a-morpholino" subunit 34.3a 

25 (Xi= CHoOTBDPS) by the procedure in Summerton , et al (US 
patent, 5,235,033). This compound may also be prepared by 
application of the procedures in Example 4Glb to L-mannose. 

d. 34.4a (Xi= CH 2 0TBDPS) : The hydroxymethy 1 
glucopyranoside 33. id (Xi= /3-CH 2 OH) prepared as in Example 

30 4Gla is reacted with tr imethy lacety 1 chloride in pyridine. 



procedure. The free alcohol is silylated according to the 
n^neral pro.-ndr.rr ard the product is treated with lithiuir 
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(Xi= CH,OTBDP£) . This corr.pound rr.ay also be obtained by 
application of the procedures in Example 4Gla to L-glucose. 
2 . Hydroxyethyl 

a. 34.1 (Y= CH ? OH, Xi = CH ? CH ? OTBDPS) : The 
5 tetrabenzy lated hydroxyethyl derivative 33. Id (Xi= /?- 

CH 2 CH 2 OH) prepared by the method of Allevi, et a J , is 
protected as the t-butyldiphenylsilyl ether by the general 
procedure, the benzyl groups removed by catalytic 
hydrogenation over Pd on charcoal, and the morpholino ring 
10 tormed by the general procedure. Alternatively, the vinyl 
glucopyranoside 33. Id (Xi= jS-ethenyl) from Example 4Gla is 
treated with borane-THF followed by alkaline hydroperoxide 
to yield the tetrabenzy lated starting material. 

b. 34.2 (Y= CH 2 OH, Xi= CH ? CH 2 OTBDPS) : The 
15 tetrabenzylated hydroxyethyl derivative 33. Id (Xi= a- 

CH ? CH ? OH) , prepared by the method of Allevi, et al , is 
protected as the t-butyldiphenylsilyl ether by the general 
procedure, the benzyl groups removed by catalytic 
hydrogenation over Pd on charcoal, and the morpholino ring 

20 formed by the general procedure. Alternatively, the 

vinyl mannopyranoside 33.3d (Xi= Q-ethenyl) from Example 
4Glb is reacted with sodium hydride in DMF with benzyl 
chloride, then treated with borane-THF followed by alkaline 
hydroperxide to yield the 33. Id (Xi= aCH : CH ? OH). This is 

25 protected as the t-butyldiphenylsilyl ether by the general 
procedure, the benzyl groups removed by catalytic 
hydrogenation over Pd on charcoal, and the inorpholino ring 
formed by the general procedure. 

c. 34.3 (Y- CH ? OH, Xi= CH ? CH ? OTBDPS ) : Is 
30 prepared from L-glucose or L-mannose by the methods in 

3 5 3 . Hydroxy propyl 

Adnthat t. ....... t- , . : . ; ' f ► r ; > : i / y - . .'. . ■ - - 
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SCHJ (Araki, et al.) is reacted with methyl acrylate in the 
presence of tributyltin hydride and 2,2'- 
azobis ( isobutyronitrile) as initiator to produce the C- 
riboside ester 32.1 (R 3 ,R 3 = isopropy 1 idene , R s = benzoyl, Xi = 
5 CH,CH,CO,CHJ . Treatment with methanolic HC1 gave the free 
triol which was converted into the morpholino subunit 32.2b 
(Xi= ^-CH ? CH ? CO ? CH,) by the standard procedure. Protection 
of the hydroxy group as the benzy loxymethy 1 ether (Stork 
and Isobe) followed by treatment with lithium aluminum 
10 hydride in THF, then silylation as in the standard 
procedure, and catalytic hydrogenation provides the desired 
protprtPd alcohol 34.1 (Y= CH ? OH , Xi= CH ? CH ? CH 2 OTBDPS) . 

b. 34.2 (Y = CH 2 OH, Xi= CH 2 CH 2 CH 2 OTBDPS ) : 
Ester 33.1b (Xi= a-CH 2 CH 2 C0 2 CH,) (Adlington, et al . ) is 

15 reacted with methanolic HC1 to give the free tetraol which 
was converted into the morpholino subunit 32.2b (Xi= a- 
CH 2 CH,CO.CHj by the standard procedure. Protection of the 
hydroxy group as the benzy loxymethy 1 ether (Stork and 
Isobe) followed by treatment with lithium aluminum hydride 

20 in THF , then silylation as in the standard procedure, and 
catalytic hydrogenation provides the desired protected 
alcohol 34.2 (Y= CH ? OH , Xi= CH ? CH 3 CH ? OTBDPS) . 

c. 34.3 (Y= CH 2 OH, Xi= CH 2 CH ? CH 2 OTBDPS ) : Is 
prepared from L-glucose by the methods in Example 4G3b. 

25 d. 34.4 (Y= CH 2 OH , Xi= CH 2 CH 2 CH 2 OTBDPS ) : Is 

prepared from L-ribose by the methods in Example 4G3a. 

4 . Homologous g?-hydroxvalkvl Derivatives 
Higher order alcohols 34.1-34.4 (Y= CH ? OH , Xi = CH-,[CH 2 ] n 
30 CH.OTBDPS) may be made by the following procedure from lower 



t : ru. i i. j Lin r.c i. : • - — • - ; • • • - - 1 " < ■ ■' ■ - : l * * 

group is removed with tetrabuty lammonium fluoride. The 

■ 1 -ohc 1 : r " ~^ vr r*- r-i into a topvlatp and reacted with 
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trityl chloride in DMF to replace any trityl cleaved in the 
process, the acid is reduced with lithium aluminum hydride 
in THF, the alcohol silylated by the standard procedure to 
provide 34.1-34.4 (Y = CH : OH , Xi= [ CH 3 ] n , 2 OTBDPS ) , 

5 

5 . Other Alcohol Containing Side Chains 
The hydroxyymethyl group of 34.1-34.4 (Y= CH ? OH , Xi= 
[ CH 2 ] n OTBDPS) is protected as the benzy loxymethy 1 ether by 
the method of Stork and Isobe, then the TBDPS group is 

10 removed with tetrabuty lammonium fluoride. The alcohol is 
converted into an aldehyde with diisopropylcarbodiimide in 
DMSO containing a small amount of pyridinium 
methanesulf onate . The aldehyde may be reacted with any of 
a large variety of Grignard or organol ithium reagents to 

15 provide secondary alcohols. These may be silylated by the 
general procedure and the hydroxymethy 1 freed by 
hydrogenolysis . The secondary alcohols may by oxidized to 
ketones which may be reacted again with any of a large 
variety of Grignard or organolithium reagents to provide 

20 tertiary alcohols. These typically do not require 

protection and the final subunit may be prepared by 
hydrogenolysis . 

H . Aliphatic Side Chains Containing Carbon-Carbon 
2 5 Double Bonds 

The hydroxyymethyl group of 34.1-34.4 (Y= CH ? OH , Xi = 

[ CH,] n OTBDPS) is protected as the benzoate ester then the 

TBDPS group is removed with tetrabuty lammonium fluoride. 

The alcohol is converted into the aldehyde with 

30 diisopropylcarbodiimide in DMSO containing a small amount 



35 



34.1 (Y= CH.OBz , Xi = CHO) with i sopropy 1 loene 
triphenylphosphorane (prepared from 
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This is converted into the morpholino subunit 34.1 ( Y = 
CH-.OH, Xi= CH = C(CHJ ? ) by saponification. 

Similarly, reaction with benzylidene 
triphenylphosphorane (prepared from 

5 benzy ltr ipheny lphosphonium chloride and butyllithium in 
THF) followed by saponification provides the morpholino 
subunit 34.1 (Y= CH-.OH , Xi = CH^CHPheny 1 ) , the isomers of 
which may be separated by silica gel chromatography, 

Subunits 34.2-34.4 with aliphatic side chains 
10 containing carbon-carbon double bonds are prepared in a 
similar fashion. 

I . Aliphatic Side Chains Containing Carboxylic Acids 
and Esters 

15 Alcohol 34.1 (Y= CH ? 0H, Xi= [ CH, ] „0TBDPS) is treated 

with 80% acetic acid in water followed by reaction with 
benzyl chlorof ormate to provide the carbamate 34.1c (Xi= 
[ CH ? ] n CTBDPS) . The alcohol is protected as the 

benzyloxymethy 1 ether by the method of Stork and Isobe, 

20 then the TBDPS group is removed with tetrabuty lammonium 
fluoride. The hydroxymethy 1 group is converted into a 
carboxyl by oxidation with potassium permanganate or 
pyridinium dichr ornate . The acids are protected by 

conversion into the ester by treatment with 

25 diisopropylcarbodiimide, 4 -dimethy laminopyr idine and either 
methyl alcohol or 2 -( phenyl sul f ony 1 ) ethy 1 alcohol in 
dichloromethane . Treatment with hydrogen and Pd on 
charcoal followed by tritylation of the morpholino nitrogen 
prepares the morpholino subunits. 

30 similar procedures may be performed on the acids 34.1- 



j . Aliphatic S i de Chains Containing Carboxylic Acid 



d l l sopropy 1 car bod uir.ide and morphol mo m d i ch lor ome thane 
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to produce the morpholino amide. Conversion to the subunit 
follows hydrogenolyt ic cleavage of the carbamate and acetal 
with Pd on charcoal. Other amides may be prepared by use 
of ammonia or other amines. 

5 

K . Aliphatic Side Chains Conta inincr Amines 

1. From alcohol derivatives. The hydroxyymethy 1 
group of 34.1-34.4 (Y = CH : OH , Xi= [ CH > ] n OTBDPS ) is protected 
as the benzyl oxymethyl ether by the method of Stork and 

10 Isobe, then the TBDPS group is removed with 
tetrabuty lammonium fluoride. The alcohol is converted into 
an aldohycle with d i i sopropy 1 carbod i imide in DMSO containing 
a small amount of pyridinium methanesulf onate . The alcohol 
is treated with tr ipheny lphosphine , sodium or lithium azide 

15 and carbon tetrabromide in DMF to produce the azide by the 
method of Yamamato, et al • Catalytic reduction with Pd on 
charcoal in the presence of ammonia provides the amine and 
frees the alcohol. The amine is protected as the general 
procedure . 

20 2. From alcohols via oxidation to the aldehyde 

and reductive amination. The hydroxyymethy 1 group of 34.1- 
34.4 (Y = CH>OH, Xi= [ CH 2 ] n 0TBDPS ) is protected as the 
benzy loxymethy 1 ether by the method of Stork and Isobe, 
then the TBDPS group is removed with tetrabuty lammonium 

25 fluoride. The alcohol is converted into an aldehyde with 
diisopropylcarbodiimide in DMSO containing a small amount 
of pyridinium methanesulf onate . The aldehyde is treated 
with a large excess of the appropriate amine in methanol at 
pH=6 in the presence of sodium cyanoborohydr ide . The 

30 resulting amine is protected as in the general Examples and 



more a nines species. 
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The hydroxyymethy 1 group of 34.1-34.4 (Y= CH ? OH , Xi = 
[CH->]„OTBDPS) is protected as the benzoate ester then the 
TBDPS group is removed with tetrabuty lammonium fluoride . 
The alcohol is converted into the tosylate by treatment 
with p-toluenesulf onyl chloride in pyridine. The tosylate 
group is displaced with thiourea to give the thiol which is 
protected by conversion into the S-ethyl disulfide by the 
general method. The benzoate group is removed by 

saponif i cat ion. 



M . Hydrogen as Side Chain 

1 . ( S) -4 -Trity 1-2 -hydroxy met hy lmorpholi no 32.2b 
(Xi= H) is prepared from the ( S ) -4 -tert-butoxycarbony 1-2- 
hydroxymethy lmorphol ino prepared by Yanagisawa and 

15 Kanazaki, by cleavage of the Boc group in 50% 
trif luoroacteic acid in dichloromethane followed by 
retr itylation by the general method. 

2 . ( R) -4 -Trity 1-2 -hydroxymethy lmorpholi ne 32.2b 
(Xi= H) is prepared from the (R) -4 -tert-butoxycarbony 1-2- 

20 hydroxymethylmorpholine prepared by Yanagisawa and 
Kanazaki , by cleavage of the Boc group in 50% 
trif luoroacteic acid in dichloromethane followed by 
retr itylation by the general method. 

2 5 Example 6 

Synthetic Strategies for Stereoch emical Control of 
R and Y Groups of Morpholino Subunits 

Examples 3 and 4 above generally illustrate the 

preparation of morpholino subunits with nucleobase or 

30 modified nucleobase side chains with groups R and Y in 

, v , * V : - - r i or- f * \ HUT (=> ^4.1). Th \ S 



For the preparation of the enantiomeric sunumts, that is, 
35 moroholmo subunits with groups R and Y in figure 6 both in 
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for the preparation of morpholino subunits with 
nucleobase or modified nucleobase side chains with groups 
Y in figure 6 in the & position, and group R in the a 
position (species 34.3), it is preferred to use the method 
5 of Chow and Danishefsky. In this procedure silylated 
nucleobases and modified nucleobases are reacted with 
3,4, 6-tr i-O-TBDMS-1 , 2 -anhydro-jS-D-ma nnopyranose to give the 
O-TBDMS-a-D-glycosides which are converted into the 
morpholino subunits 34.3 following desilylation with 

10 tertabuty lammonium fluoride. For the preparation of 

morpholino subunits with nucleobase or modified nucleobase 
side chains with groups Y in figure 6 in the a position, 
and group R in the (j position (species 34.4), it is 
preferred to use the method of Chow and Danishefsky. In 

15 this procedure silylated nucleobases and modified 
nucleobases are reacted with 3 , 4 , 6-tr i-O-TBDMS-1 , 2-anhydro- 
/3-L-mannopyranose to give the O-TBDMS-a-L-glycosides which 
are converted into the morpholino subunits 34.4 following 
desilylation with tertabuty lammonium fluoride. 

20 

Example 7 

Preparartion of Morpholino Subunits with 
Representative Y and Z 

A. 7.1 (Xi= /3-N4-benzovlcytosin-l-vl ) 

25 The alcohol 32.2b (Xi= /S-N4 -benzoyl cytos in- 1 -y 1 ) is 

oxidized to the aldehyde 7.1 (Xi= /3-N4 - benzoy 1 cy tosi n- 1 -y 1 ) 

with diisopropyl carbodi iir.ide in DMSO containing a small 

amount of pyridinium methanesu 1 f onat e . 

3 0 B. 7.2 (X= OH, Xi = ,3-N4 -benzoyl cytosin- 1 -yl ) 

tne acid . . ( > - o H , >. : - o - N 4 - do n z o \ . c y t. o s i n - j - y i , . Highe : 
35 yields may be obtained if the trityl croup in the alcohol 



WO 95/31459 



PCT7US95/06041 



53 

CBz group, and retr ity lat ion prepare the acid needed for 
act i vat ion . 

C. 7.2 (X= Q-p-nitrophenvl, Xi= fl-N4-benzovlcvtosin- 

b i-yi) 

The acid from Example 7B is reacted with p-nitrophenol 
and diisopropyl carbodi imide in dichloromethane to produce 
the ester 7.2 (X= o-p-nitropheny 1 , Xi= £-N4-benzoy lcytosin- 
1-yl) suitable for coupling reactions. 

10 

D. 7.2 (X= imidazol-l-vl. Xi = fi-N4 -b enzovlcvtosin-l- 

Reaction of the acid with carbonyl diimidazole 
produces the imidazolide 7.2 (X= imidazol-l-y 1 , Xi= /3-N4- 
15 benzoylcytosin-l-yl ) suitable for coupling reactions. 

E. 7.3 (X= CI. Xi= fl-N6-benzovla denin-l-vl) 

The alcohol 32.2b (Xi= /3-N6-benzoy ladenin- 1-y 1 ) is 
converted into the tosylate using tosyl chloride and 

20 pyridine. This is reacted with thiourea in methanol to 
provide the thiol deriviative. This may be oxidized to the 
sulfonic acid using potassium permanganate in acetone or t- 
butanol / d i oxane /water buffered with magnesium sulfate. 
Higher yields in the oxidation are obtained if the trityl 

25 group is replaced by the benzy 1 oxycarbony 1 group. The 
sulfonic acid is isolated as its triethy lamonium salt by 
extraction into chloroform from water saturated with 
triethylamine hydrochloride. The salts of sulfonic acids 
can be easily chromatographed on silica gel using 

30 triethy lamine/methanol/chlorof orm mixtures if the silica is 



by the general procedure. For activation, ten mmole of the 
triethylamine salt of sulfonate subunit is dissolved in 10 

aaciea. 'Ir.is i^Jtion \ ± cnn^-c. :c: \- niruJtcs or. a oea c! 
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dry ice and then 11 mmole of phosgene (20% in Toluene) is 
slowly added while the solution is rapidly stirred. After 
addition the solution is allowed to come to room 
temperature and then washed with aqueous NaHCO^, dried, and 
5 chromatographed on silica gel eluting with a mixture of 
chloroform and acetone to give the desired sulfonyl 
chloride 7.3 (X= CI, Xi= j8-N6-benzoy ladenin- 1-y 1 ) . 

F . 7.4 (X= OH, Xi= a-methyl) 

10 The alcohol 32.2b (Xi = a-methyl) is oxidized to the 

aldehyde 7.1 (Xi= a-methyl) with diisopropyl carbodiimide 
in DMSO containing a small amount of pyridinium 
methanesulf onate . This is reacted with 2 , 6-dithianylidene- 
tr ipheny lphosphorane by the method of Kruse, et al . The 

15 resulting ketenedithioacetal is converted into the 
carboxylic acid by hydrolysis with mercuric chloride in wet 
acetonitrile to give the subunit 7.4 (X= OH, Xi= a-methyl), 
which can be chromatographed on silica gel using 
triethylamine/methanol/chlorof orm mixtures if the silica is 

20 first pre-eluted with 2% tr iethy lamine in chloroform. 

G . 7.4 (X= O-p-nitrophenvl , Xi= a-methvl] 

The acid salt from the previous example is activated 
by treatment with di isopropy lcarbod i imide in 
25 dichloromethane containing p-nitrophenol containing 1 
equivalent of pyridinium p-toluenesu 1 f onate . 

H. 7.5 (X= OH, Xi= a-methyl). 

Benzyl a - br omoa c e t a t e is reacted with 

30 triphenylphosphine and the phosphonium salt product is 



unsaturated ester. Treatment with hydrogen and Pd or, 
35 charcoal yields the acid 7.5 ( X= OH, Xi= a-methyl), which 



t 
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20 



tr iethy lamine/methanol /chlorof orm mixtures if the silica is 
first pre-eluted with 2% tr iethy lamine in chloroform. 

I . 7.5 (X= O-p-nitrophenvl , Xi = a-methvl) 
The acid salt from the previous example is activated 
by treatment with di isopropylcarbodiimide in 

dichloromethane containing p-ni trophenol containing 1 
equivalent of pyridinium p-toluenesul f onate . 



J . 7 . 6 (X= O-p-nitrophenyl . V= Q, Xi= 0-N2- 

phenylacetvlauanin-9-vl ) 

Dry , N-protected, 5'-hydroxyl morpholino subunit 32.2b 

(Xa = ^-N2-phenylacety lguanin-9-yl ) (1 mmol), is treated 

with bis- (p-nitropheny 1 ) carbonate (BNPC) and tr iethy lamine 

15 (TEA) in DMF under anhydrous conditions. The solution is 

stirred for three hours, then evaporated to dryness. The 

residue is dissolved in chloroform and chromatographed on 

silica gel eluting with a chlorof orm/methanol mixture to 

give activated subunit. 



K. 7.6 (X- imidazol-l-vl . Y= S. Xi= j3-N2- 

phenvlacetvlauanin-9-vl) 

Dry, N-protected, 5' -hydroxy 1 morpholino subunit 32.2b 

(Xi= 0-N2-pheny lacety lguanin-9-y 1 ) is treated with 

25 thiocarbonyldiimidazole in pyridine at room temperature for 

12 hours. Water is added to quench the reagents, the 

solvents evaporated and the residue is dissolved in 

chloroform and chromatographed on silica gel eluting with 

an a chlorof orm/methanol mixture to give activated subunit. 



30 



ChnCH.OTBDPSj if- atti ityjutec t^. t : -o o t. me i < < - 
dichloroacetic acid in dichloromethane followed by addition 

^ v . r > * . . . . ■ * + > + \-- c r >~ - ■ d ; ) - *■ ^ n 1 1 . Th ^ r r u dp salt 



■J 



J. 



equivalents ol d i met hoxy t r i ty i chioriue. The solvents 



WO 95/31459 



PCT/US95/06041 



56 

are evaporated and the residue taken up in 1:1 
methanol/acetic acid to cleave the DMT group on the 
nitrogen. The solvents are removed, the residue dissolved 
in d ich 1 or ome thane , washed with water, sodium bi carb 
5 solution and brine. The solution is dried over sodium 
sulfate, filtered and evaporated to give a residue which is 
purified by chromatography on silica gel eluting with a 
chlorof orm/methanol mixture. The free morphline is 

sulfated by treatment with SO^/pyridine complex (with 

10 excess pyridine) in dimethy If ormamide (DMF) . It should be 
mentioned that the salts of sulfamic acids can be easily 
chromatographed on silica gel using 
tr iethy lamine/methanol /chlorof orm mixtures if the silica is 
first pre-eluted with 2% triethy lamine in chloroform. For 

15 activation, ten mmole of the triethy lamine salt of sulfated 
subunit is dissolved in 10 ml of dichloromethane and then 
40 mmole of pyridine is added. This solution is chilled 
for 15 minutes on a bed of dry ice and then 1 1 mmole of 
phosgene (20% in Toluene) is slowly added while the 

20 solution is rapidly stirred. After addition the solution 
is allowed to come to room temperature and then washed with 
aqueous NaHCCu, dried, and chromatographed on silica gel 
eluting with a mixture of chloroform and acetone to give 
the desired sulfamoyl chloride 7.7 (X= CI, xi = 

25 CH2 CH2 0TBDPS ) . 

M. 7.8 (R' = H. X= CI, Xi= fl-uracil-l-vl) 
The alcohol derivative 32.2b (Xi= /3-uracil-l-yl) is 
treated with tripheny Iphosph i ne , sodium azide and carbon 
30 tetrabromide in DMF to produce the azide by the method of 



with SO^/pyridine conplex (with excess pyridine) in 
3 C dimethyl f ormamide (DMF). It should be mentioned that the 

^ . i . cm yr-i ino t ! H'th, ^jrmc-^eth.i'i, . cMcrotorr r i >: i u r < : 



WO 95/31459 



PCT/US95/06041 



57 

if the silica is first pre-eluted with 2% tr i ethy 1 amine in 
chloroform . 

For activation, ten mmole of the tr iethy lamine salt of 
sulfated subunit is dissolved in 10 ml of dichloromethane 
5 and then 40 mmole of pyridine is added. This solution is 
chilled for 15 minutes on a bed of dry ice and then 11 
mmole of phosgene (20% in Toluene) is slowly added while 
the solution is rapidly stirred. After addition the 
solution is allowed to come to room temperature and then 
10 washed with aqueous NaHCO,, dried, and chromatographed on 
silica gel eluting with a mixture of chloroform and acetone 
to give the desired sulfamoyl chloride. 

N. 7.8 (R'= CH , . X= CI. Xi= fl-uraci 1-1 -yl ) 
15 The alcohol derivative 32.2b (Xi= j3-uraci 1-1-y 1 ) is 

oxidized to the aldehyde with diisopropyl carbodiimide in 
DMSO containing a small amount of pyridinium 
methanesulf onate. The aldehyde may be reacted with 
metylamine in buffered (p-nitrophenol) methanol at pH = 7 
20 in the presence of sodium cyanoborohydr ide to give the 
morpholine-2-methanamine derivative. The amine is sulfated 
by treatment with SO, /pyridine complex (with excess 
pyridine) in d imethy 1 f ormamide (DMF) - It should be 

mentioned that the salts of sulfamic acids can be easily 
25 chromatographed on silica gel using 

triethylamine/methanol/chlorof orm mixtures if the silica is 
first pre-eluted with 2% tr iethy 1 am ine in chloroform. 

For activation, ten mmole of the tr iethy lamine salt of 
sulfated subunit is dissolved in 10 ml of dichloromethane 
30 and then 40 mmole of pyridine is added. This solution is 



the soiuti o r . ± s i a ± ^ ± y - ; — : t. . - ^ • * ^ - ■ ■ - 

solution is allowed to come to room temperature and then 
■-■••-hpri wit*' <~-;r r-.-i r JJaHcn t dried, and chromatographed on 



to q i v e the a e s i r e a ^ u . 1 ^ m o y 
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O. 7.9 (X- CI, Y= 0, Z = NfCH J, , Xi = /j-phenyl) 
One mmole of 5'-hydroxyl subunit 34.1a (Xi = -phenyl), 
protected and tritylated on the morpholino nitrogen is 
dissolved in 5 ml of dichloromethane . Six mmole of N,N- 
5 diethy lani 1 ine and 2 mmole of dimethy laminodichlorophos- 
phate (OP(Cl) ? N(CH^) ,) is added to the solution followed by 
the addition of 0.5 mmole of either N-methyl imidazole , 
tetrazole, or 4 -methoxypyr idine-N-oxide . After the reac- 
tion is complete (assessed by thin layer chromatography) 

10 the reaction solution may be washed with aqueous NaH 3 P0 4 . 
The activated subunit is isolated by chromatography on 
silica gel developed with acetone/chloroform or ethyl 
acetate/dichloromethane mixtures . Alternatively , the 

reaction mixture is placed on the top of a silica column 

15 and chormatographed without workup. 

The dimethylaminodichlorophosphate used in the above 
procedure was prepared as follows: a suspension containing 
0.1 mole of dimethylamine hydrochloride in 0.2 mole of 
phosphorous oxychloride was refluxed for 12 hours and then 

20 distilled (boiling point is 36°C at 0.5 mm Hg) . 

P. 7.9 (X= CI. Y- S. Z= O-ethvl. Xi= fi-phenyll 
One mmole of 5'-hydroxyl subunit 34.1a (Xi= /3-phenyl) 
is reacted with ethyl dichlorothiophosphate according to 
25 the conditions in Example 70. 

Q . 7.10 (X = p-ni trophenyl , X i = /3-N4 -benz ovl cytos in- 

1-Yl) 

1. The N-tritylated morpholino subunit 

30 derivative 32.2b (Xi = /3-N4 -benzoyl cytos i n- 1-y 1 ) is 



,i ::, _ n i ^ ; t >sl Ilu . . ^ l ; , a. : ■ ^ ; i r : . . : . .... l 1 1 * ■ i 1 1 x lie l ■ ^ 

species reduced with hydrogen over Pa on charcoal or Zn in 
vot i r arid. Thp amino nronp mav b<=> prntprtpri a? the 

as t h e bec carbaniatfe using d 1 1 p r t v \ it yi d \ c a r bo n a t c . The 
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alcohol is activated for coupling as the carbonate by 
reaction with bis- ( p-n i tropheny 1 ) carbonate to give 7.10 
(X= p-nitropheny 1 , Xi= )3-N4-benzoy lcytosin-1-yl ) . Other 
activated species may be prepared using 

5 thiocarbonyldi imidazole or N , N-dimethylaminophosphoryl 
chloride as described in the preceeding examples. 

2. Alternatively, r ibof uranoside 32.1a (Xi^ /3- 
N4-benzoy lcytosin-l-yl ) is reacted with periodate as in the 
general method for morpholino subunit synthesis, but t- 
10 butylcarbaratp is substituted for ammonia in the reductive 
ring closure step to give the 5'-free subunit which may be 
activated as in the example above. 

h . 7.11 (X= OH, Xi = fl-ura cil-l-vl) 

15 The alcohol 32.2b (Xi= /3-uraci 1-1-y 1 ) ( lmol ) is 

treated with an excess of sodium hydride in a DMF/THF 
mixture. Sodium chloroacetate (1 mol) is added and the 
solution stirred for 24 hours. The solution is filtered in 
an inert atmosphere, and excess of tr iethy lammonium 

20 hydrochloride in DMF is added, the mixture filtered, and 
the solvents removed by evaporation. The residue can be 
c h r o m a t o g r a p h e d on silica gel using 
tr iethy 1 am i ne /methanol /chloroform mixtures if the silica is 
first pre-eluted with 2% triethy lamine in chloroform. 



25 



1 o 



S. 7.11 (X- Q-p-nitrophenvl. Xi= ff-uraci 1 - 1-yl ) 
The acid salt from the previous example is activated 
by treatment with diisopropy lcarbodiimide in 
dichloromethane containing p-ni trophenol containing 1 
equivalent of pyridinium p-tol uenesu 1 f onate . 



detntylated using 2-c acetic acid in 20% 

]■->.: ": r r h.mf- . The resulting secondary 

converter into the primary amine r.y trie [-iDceaure :n method 
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7M. The amine is tritylated by the general procedure, the 
benzyl ester cleaved by catalytic hydrogenolysis in 
DMF/ethanol containing trieylamine. The acid is activated 
by treatment with d i i sopropy 1 car bod i imide in 

5 dichloromethane containing p-nitrophenol and one equivalent 
of pyridinium tosylate. 

2 . Alternatively , ri bo thymidine (Tronchet ) is 
reacted with periodate as in the general method for 
morpholino subunit synthesis, but glycine benzyl ester is 
10 substituted for ammonia in the reductive ring closure step 
to give the 5 '-free subunit which may be further converted 
as in the example above. 

Example 8 

1 5 Representative Subunits Which are Converted to 

Morpholino Structures During Oligomer Assembly 

A . 5 ' -Ami nor ibof uranosides 8 . 1 

Ribof uranos ides may be converted into their 5 ' -amino 
derivatives by reaction with tr ipheny lphosphine , sodium or 
20 lithium azide and carbon tetrabromide in DMF (Yamamato), 
followed by reduction with either triphenyl 
phosphine/ammonia or with hydrogen over Pd on charcoal. 

B . 6 ' -Aminohexopyranosides 8 . 4 

25 Hexopyranos ides may be converted into their 6'-amino 

derivatives by the procedure in Example 8A or by the 
following procedure. The glycoside is treated with 

dimethoxytr ity 1 chloride in pyridine to selectively protect 
the primary alcohol. The remaining hydroxy groups are 

30 protected by reaction with t-butyldimethylsilyl chloride in 



: or • ' not - : <-t i ... : ■ ■ , : i ; ■ - > ■- ' : 

converted into the 6' -amino derivative oy reaction with 
tripheny lphosphine , sodium or lithium azide and carbon 
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on charcoal. The silyl groups are removed by treatment 
with HF/pyridine of tetrabuty lammonium fluoride in THF. 

C. 5 ' -O-Aminoribof uranosides 8 . 2 

5 Ribof uranosides may be converted into their 5'-0-amino 

derivatives by the following procedure. The glycoside is 
treated with d imethoxytr ity 1 chloride in pyridine to 
selectively protect the primary alcohol. The remaining 
hvdroxv groups are protected by reaction with t- 

10 butyldimethy Isi ly 1 chloride in DMF containing imidazole. 
The dimethoxytr ity 1 group is cleaved by treatment with zinc 
bromide in nitromethane at room temperature (Koster, et al ) 
and the primary alcohol converted into the desired aminoxy 
species using N-hydroxyphtha 1 imide by the procedure of 

15 Vassuer, et al . The silyl groups are removed by treatment 
with HF/pyridine of tetrabuty lammon ium fluoride in THF. 

D . 5 / -O-Aminohexopvranosides 8 . 5 

May be converted into their 6'-0-amino derivatives by 
20 the procedure for the ribof uranosides in Example 8C. 

Example 9 

Coupling Morpholino Subunits to Form Repres entative 
One-Atom- Length Intersubunit Linkages 
2 b and Two- At om-Length Intersubunit Linkages 

A . General 

Whenever the morpholino nitrogen of a subunit, or the 
terminal subunit in an oligomer, contains an acid labile 
group such as the trityl group, deprotection is performed 
30 with mild acid. Representative acid mixtures which are 

n,n^bi P includp 101 cvanoacetic acid in 4:1 



tnl luoroethdnoi/aicMoi omotnane . 1 oi n.oie-cule^ -nci, 

contain a Boc or benzhydryl carbamate a 20-50% solution of 
. . ... . . . v ; y ■ - ( - <- ; ; ; ' * rr-.\' V v employed. 

liu a.jj .. v« : i ; f : t ■ ■ : : t. T . , : - ' ^ ^ P TOT ( -cteo 

subunit in ether if the reaction i <s done in homogeneous 
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solution, or by washing with the appropriate rinse solvent 
if solid phase methods are employed. 

Whenever the morpholino nitrogen of a subunit , or the 
terminal subunit in an oligomer, contains a base labile 
5 group such as the FMOC group, deprotect ion is performed 
with mild base. Representative base reagents which are 
suitable include 1-10% DBU/DMF, 10% N- 

methy lpyrrol idine/DMF, and 2-20% piper id ine/DMF . The 
excess reagent, dibenzof ul vene , and derived by products are 

10 removed by precipitation of the deprotected subunit in 
ether if the reaction is done in homogeneous solution, or 
by washing with the appropriate rinse solvent if solid 
phase metnods are employed. 

Coupling to a morpholino subunit requires that the 

15 morpholino nitrogen be present in the uncharged state. 
This may be achieved as follows. A mild base such as 
triethy lanine , diisopropylethylamine, or 

diisopropy laninoethanol (or its ethers or esters) is 
employed to neutralize residual charge produced in acidic 

20 deprotections and/or to maintain any unreacted morpholino 
nitrogen in the neutral state during the coupling reaction. 

B . Coupl ing to Form Amide Linkages 

The nitrophenyl ester formed in Example 7C, is 
25 dissolved in DMF or NMP (containing 0.2-0.4 molar of an 
appropriate base, such as methyl diisopropylaminoethyl 
ether) at a concentration of about 0.2 molar, and mixed 
with the deprotected monomeric or oliogomeric species with 
an uncharged morpholino nitrogen produced as in Example 9A. 

30 

sodiuiTi cyanobor ohydr ide at pH = 6 . L . This is mixed with 
3 r the deprotprtrd monomeric or olioaomeric species with an 
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1. Formation of amide linkages. The nitrophenyi 
ester formed in Example 7G, is dissolved in DMF or NMP 
(containing 0.2-0.4 molar of an appropriate base, such as 
methyl di isopropy laminoethy 1 ether) at a concentration of 
^ about 0.2 molar, and mixed with the deprotected monomeric 
or oliogomeric species with an uncharged morpholino 
nitrogen produced as in Example 9A . ) 

Example 10 

1 o Method for Conversion of Non-Morphol ino Subunit 

to Morpholino Subunit During Oligomer Assembly 

Oligomer may be assembled by construction of the 

morpholino ring from a dialdehyde and a primary amine. The 

coupling is performed as follows. The 5'- 

15 aminor ibof uranoside or 6 ' -aminohexopyranoside from Example 
8 is protected on the amine with trityl as in the general 
procedure. The molecule is dissolved or suspended in 
methanol and treated with periodate as per the general 
procedure in Examples 1 or 2 . To the dialdehyde so formed 

20 is added a second 5 ' -aminor i bof uranos ide or 6'- 
aminohexopyranoside followed by sodium cyanoborohydr ide and 
the pH is maintained between 4.5 and 6.5. 

A particularly advantageous method for the synthesis 
of oligomers by this method involves fixing the the amino 

25 group of the first aminoglycoside to a solid support by a 
cleavable anchor, as in Example 16 below, and performing 
the oxidation and reductive amination steps on the solid 
support . 

3 o Example 11 

. ■ - * ^ . > , , ^ ; ♦ c- t-r -p orT n pepr ppent n t i ve 



The mti cpheny. ester tormea ^^"'P^ 
35 dissolved in DKF cr NMP (containing 0.2-0.4 molar of an 

, . r . r , , , , t i ,.~ > .-■ ~ r t h v 1 " i : r o p r o p v 1 a m i n o e t h y 1 

. . . . ■ . ■ - . ' ; ' • . >: e ■: i 

• * f ,f ■ I : . ■' ■ * ■ - ■ 

with the (iq.iotectea monomeric or oiiogoir.enc species with 
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an uncharged norpholino nitrogen produced as in Example 9A. 



B . Format: ion of Carbamate Linkages 

5 This linkage is prepared from the nitrophenyl 

carbonate formed in Example 7 J and the morphol ino- 
deprotected subunits/ ol igomer formed as in Example 9A. The 
coupl ing follows the method of Summerton and Wei ler (US 
patent 5 , 034 , 506) 

10 

C. Format i on of Sul amide Linkages 

This linkage is prepared f rom the sulf amoy 1 chlorides 
produced in Examples 7M or 7N and the morpholino 
deprotected subunits/ol igomer formed as in Example 9A. The 
15 coupling follows the method of Summerton and Weller (US 
patent 5,034,506) 



D. Formation of Phorodiamidate Linkages 
This linkage is prepared from the phosphoryl chloride 
2 0 produced in Example 70 and the morphol i no deprotected 
subunits/oligomer formed as in Example 9A. The coupling 
follows the method of Summerton and Weller (US patent 
5 , 185,444) 

2 5 Example 12 

Coupl ing Morphol ino Subunits to Form Represent at i ve 
Four -Atom- Length 1 ntersubunit Linkages 

A . Formation of Amide Linkages 

1. The nitrophenyl ester formed in Example 7S, 

30 is dissolved in DMF or NMP (containing 0.2-0.4 molar of an 



* ' < : • : : : '.' <■. i . ■ : .<r-.t i : * . . t . \ 

an uncharged morpholino nitrogen produced as in Example 9A . 

2 5 

1 h*. : + : \ ii*- r - r : < ■: - ; :■: .ri . < ' " 

it-:, UiSSOiVOj !:Mf u NKI . . . : . t , : . : . : . : . ~ , , <\ : ,1 • 

appropriate base, such as methyl d i i sopropy 1 ami noethy 1 
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ether) at a concentration of about 0.2 molar, and mixed 
with the deprotected monomer i c or oliogomeric species with 
an uncharged morpholino nitrogen produced as in Example 9A. 



B . Formation of Carbazates 

This linkage is prepared from the nitrophenyl 
carbonate formed in Example 7Q is dissolved in DMF or NMP 
(containing 0.2-0.4 molar of an appropriate base, such as 
10 methyl diisopropy laminoethy 1 ether) at a concentration of 
about 0.2 molar, and mixed with the deprotected monomer ic 
or oliogomeric species with an uncharged morpholino 
nitrogen produced as in Example 9A. 

I 5 Example 13 

Preparation of In-Line Branches 
A . From Pi ethvlenetri amine 

The triamine is reacted with one equivalent of 
triamine and the terminally reacted monotr ity lated species 

20 isolated by chromatography on alumina. The diamine is now 
reacted with FMOC chloride, followed immediately by 
sulfation in pyridine with the sulfur tr ioxide/pyr idine 
complex. It should be mentioned that the salts of the 
sulfamic acids can be easily chromotographed on silica gel 

25 using tr i ethy 1 am i ne / methanol / ch 1 orof orm mixtures if the 
silica is first pre-eluted with 2% tr iethy lamine in 
chloroform. For activation, ten mmole of the tr iethy lamine 
salt of sulfated subunit is dissolved in 10 ml of 
dichloromethane and then 40 mmole of pyridine is added. 

30 This solution is chilled for 15 minutes on a bed of dry ice 



temperature and then washed with aqueous NaHCO,, dried, and 
^ iV . rratorrrnnhr ^ rn silica qel elutinq with a mixture of 
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or morpholino amine in the same fashion in which an 
activated subunit may be coupled (Examples 9-12). 
Following incorporation of the branching subunit, cleavage 
of the trityl group allows construction of the oligomeric 
5 branches by sequential coupling of subunits. When the 
first branch is complete is capped and the molecule treated 
with 10% DBU/DMF to remove the FMOC group. The second 
branch may now be synthesized using by sequential coupling 
of subunits . 

10 

B . From 1 , 3-Diamino-2-Hydroxypropane 

The diamine is dissolved in DMF and treated with one 
equivalent of trityl chloride. The monotr itylated species 
is separated by chromatography on silica gel and then 

15 reacted with FMOC chloride to protect the remaining amino 
group. The alcohol is reacted with bis (p-nitropheny 1 
carbonate) in DMF containing tr iethy lamine to produce the 
activated carbonate. The carbonate can be coupled to an 
amino group or morpholino amine in the same fashion in 

20 which an activated subunit may be coupled (Example 9-12). 
Following incorporation of the branching subunit, cleavage 
of the trityl group allows construction of the oligomeric 
branch by sequential coupl ing of subunits . When the f irst 
branch is complete, it is capped and the molecule treated 

25 with 10% DBU/DMF to remove the FMOC group. The second 
branch may now be synthesized using by sequential coupling 
of subunits. 

Example 14 

3 0 Preparation of Hub Branches 



followed by I mmol of p-ni trophenethy 1 alcohol, and the 
1 r > reaction quencehed with piperidine. The desired species 

oster i y> . s :.. a I. t. >. j i . , : . : o r < i t •; <u i d p n ; . ; . : ■ . i ± ^ - g ( . . ; * 
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free piperazine is coupled to activated subunits prepared 
in Example 7 using the methods in Examples 9-12. After the 
coupling, the product is purified on silica gel . 
Additional subunits may be introduced by detr ityalation and 
5 repetition of the coupling. Following introduction of the 
final subunit, the chain is detritylated and capped with 
acetic anhydride. The nitrophenethy 1 ester is cleaved by 
treatment with 10% DBU/DMF. The free acid is coupled with 
N-trityl piperazine prepared below using 
10 di isopropy lcarbodi imide in dichloromethane . Sububits may 
be introduced by detr ity lation and coupling as above. When 
this chain is finished it is capped with acetic anhydride. 

The o-nitrobenzy 1 ester is cleaved by irradiation with 
15 320 nm light. Following coupling with N-trityl piperazine 
as above, sububits may be introduced by detr ity lation and 
coupling as above. 

B. Using 1,3, 5-Benzenetr icar boxvl ic Acid 
20 One mmol of 1 , 3 , 5-benzenetr icarbony 1 chloride in 

pyridine is reacted with 1 mmol of o-nitrobenzy 1 alcohol, 
followed by 1 mmol of p- nitrophenethy 1 alcohol , and the 
reaction quencehed with water. The desired species 

containing one o- n i trobenzy 1 ester and one p-n i trophenethy 1 
25 ester is isolated by chromatography on silica gel. The 
free acid is coupled to subunits or preformed oligomers, at 
the free morpholino nitrogen (produced by detrity lation and 
neutralization as described in Example 9) , using 
d i isopropy lcarbodi imide in dichloromethane . The 
30 nitrophenethy 1 ester is cleaved by treatment with 10% 



nitrobenzyi ester is cleaved by irradiation with 320 nm 
Maht. The free acid is coupled to subunits or preformed 

aii^oprGpvi.'^rt'OdH-iCH in ■;: ; h i o i < :~<r x r . .i r a • It srioulo ru 
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recoqnized that the acid may be employed in solid phase 
synthesis by coupling to a growing chain on a solid 
support. The two esters which may each be selectively 
deprotected are reacted sequent ia 1 ly with subunits or 
5 oligomers . 



C . From Piperazine 

N-tr ity lpiperaz ine is reacted with FMOC chloride. The 
trityl group is removed by the method in Example 9, and the 

10 free piperazine nitrogen reacted with an activated subunit 
by the method above. As many subunits as desired may be 
introduced by the method in Example 14 A above . Following 
end capping of this chain , the FMOC group is cleaved using 
10% DBU/DMF. The free piperazine nitrogen is reacted with 

15 an activated subunit by the method above . As many subunits 
as desired may be introduced by the method in Example 14A 
above . 



Example 15 

2 0 Joining Two Ends of an Oligomer by Covalent Linkage 

Two chains of a divergent branch are constructed so as 
to place subunits with Xi= [ CH 2 ] n -SS-ethy 1 at the termini. 
The disulfide is cleaved using dithiothreitol in mildy 
basic aqueous solution. The oligomeric dithiol is 

25 separated from the reagents by passage over a column of 
chromatographic grade polypropylene and eluting with an 
acetonitrile in dilute aqueous acetic acid. The dilute 
solution is neutralized to pH = 8, and treated with iodine 
to produce the disulfide. 

30 



The following supports are suitable for solid phase 
synthesis of o^iaomers: aminomethyl polystyrene resin, 1% 

per grar : S .gr C ! ^.'ncr.: cai CV' . A 1 ] ' . ( 1 ; ; pciystyrene resir., 
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l"o divinylbenzene crosslinked, grafted with polyethylene 
glycol, primary amino terminated, 0.1-0.3 mmoles N per gram 
(TentaGel, Rapp Polymere, Germany); custom-synthesized 
macroporous polystyrene, 8% divinylbenzene crosslinked, 
5 f unctional ized with 1 , 12-diaminododecane , with particle 
sizes in the range of 50-80 microns in diameter, and with 
pore sizes approximately 700 A. 

B. Constr uction of Anchors 
10 The following anchors are employed for solid phase 

oligomer synthesis : 

1. 10 mmol of b i s [ 2 - 
(succinimidooxycarbonyloxy) ethyl ] sulfone (Pierce, Rockford 
IL) is treated with 5 mmol of momotr ity lpiperaz ine (made as 

15 in the example below) and the product purified by silica 
chromatography or crystallization. 

2. 2 , 2 ' -Thiodiethanol is treated with an 
equimolar amount of bis (p-nitropheny 1 ) carbonate in DMF 
containing tr iethy lamine . The monoester if ied species is 

20 purified by chromatography and reacted with an excess of 
monotr ity lpiperaz ine , formed by adding trityl chloride to 
a solution of excess piperazine in DMF. This is converted 
to the nitrophenyl carbonate with a slight excess of as 
above bis ( p-n i t r opheny 1 ) carbonate in DMF containing 

2b tri ethyl am ine. 

3. 4 -Hydroxymethy 1-3-nitrobenzoic acid (Knieb- 
Cordonier, et al) is esterifed with methanol and 
diisopropylcarbodiimide in dichloromethane . The alcohol is 
converted into the p-nitropheny lcarbonate by the method 

30 above and reacted with monotritylpiperazine. The ester is 
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with 1 mmol of bis ( p-ni tropheny 1 ) carbonate in DMF 
conta ining tr i ethyl amine . To the solut ion is add an 

excess of piperazine and the excess reagents thoroughly 
removed by evaporation. The mixture is taken up in water, 
5 acidified and the amine is purified from the neutral PEG 
chains by ion exchange chromatography on Dowex-50. The 
amine is converted into the N-trityl species by the 
standard procedure and then the alcohol is converted to the 
nitrophenyl carbonate with a slight excess of bis(p- 
10 nitrophenyl) carbonate in DMF containing tr iethylamine . 

D . Configuration of the Particle for Oligomer 
Assembly 

1. Atttachment of the tether. The solid support 
15 is placed in a column such as the 2 mL polypropylene Biorad 

Bio-Spin Disposable Chromatography Column, cat # 732-6008, 
whose frit has been replaced with a new frit (Isolab Quik- 
Sep Disc # D-4301). The resin is treated with DMF for 1-12 
hours, during which time it is placed in a aspirator vacuum 

20 to remove trapped air, and gently agitated to break up 
clumps. The tether is dissolved in DMF or NMP (containing 
0.2-0.4 molar of an appropriate base, such as 
triethylamine) at a concentration of about 0.05 molar and 
added to the support. Sufficient tether is added so as to 

25 react 5-50% of the free amines on the resin surface. After 
12-48 hours at 45 degrees C the solvents are drained and 
the resin washed with DMF . 

2. Capping with dansyl chloride. The resin from 
the previous example is washed with dichloromethane and 

30 treated with a solution of 0.2 molar dansyl chloride in 20% 

temperature the resin is drained and washed with DMF. 
i c Attachment of the anchor. The trityl group 
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is washed with d i c h 1 o r ome t h a n e , then 5% 

di isopropy lethy lamine in dichloroinethane. The anchor is 
dissolved in DMF or NMP (containing 0.2-0.4 molar of an 
appropriate base, such as methyl di isopropy laminoethyl 
5 ether) at a concentration of about 0.2 molar, and mixed 
with the resin containing the deprotected tether for 2-48 
hours at room temperature. The resin is thoroughly washed 
with DMF. 



10 E . Solid Phase Synthesis of Oligomers for Solution 

Phase Testing 

1. Coupling to produce an oligomer with only 
morpholino backbone type. Aminomethyl polystyrene resin is 
loaded with the anchor from Example 16B1 to achieve about 
15 350 umol of trityl species per gram resin. The following 
cycle is repeated. Suitable washes of d ichloromethane , 
25% isopropanol/dichlromethane , or DMF are incorporated 
between the steps to remove excess reagents and reaction 
byproducts . 

20 a. The protecting group is removed by an 

acidic reagent from Example 9A. 

b. The resin is neutralized with 5-20% 
di isopropy lethy lamine in d ichloromethane . 

c. A mixture of activated subunits prepared 
25 in Example 7 is coupled to the end of the growing chain by 

the procedures defined in Examples 9-12. It is critical, 
in order to achieve roughly equimolar amounts of the 
individual oligomers, that the concentrations of each 
activated subunit in the reaction be adjusted so that the 
30 rate of coupling for each subunit will be as nearly the 



product as a function oi tine monitored by HPLC. A rate 
constant is calculated and used to adjust the 



x IR'Ul {JUl ci t : ■ 

the same . 
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2. Preparation of a mixed backbone oligomer. 
The method of Example 16E1 is employed, but activated 
subunits other than ntorpholino species are employed. For 
example, Boc-alanine may be converted into is p-n i tropheny 1 
5 ester using diisopropylcarbodiimide in dichloromethane. It 
is used as an activated subunit in the repetitive steps 
outlined in the method of example 16E1. The oligomer so 
produced has a mixed morphol ino-pept ide backbone . 

10 F . Deprotection of the Oligomers 

Deprotect ion of the f unct iona 1 groups on the side 
chains is acheived as follows. Silylated groups are 
removed by treatment with either t-butyl ammonium fluoride 
in THF or pyr idinium/HF complex in pyridine. Amides may be 

15 cleaved by ammonolysis with 2:1 cone ammonia/DMF. 
Pheny lsulf ony 1 or FMOC carbamates are cleaved DBU/DMF 
treatment. Disulfides are converted into thiols by 

treatment with mercaptoethanol or d ithiothreitol in DMF or 
water conta ining tri ethyl amine . 

20 

Example 17 

Solid Phase Synthesis of Oligomers for 
Oligomer Fami lv Testing Methods 

The method of Example 16E1 is employed with the 

25 following differences. A macroporous resin is treated 

with tether, then anchor. Two additional steps, a and e 

below, are incorporated into each cycle to produce the 

f ol lowing sequence : 

A. The resin is distributed, in equal portions, into 

30 a number of synthesis columns that is the same as the 

C . The resin i s neutralized with ^-201 

3b d i i sopropy 1 ethy 1 am i ne in dichloromethane. 

E . T.ne res i n is recombi ned . 
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For example, to prepare an oligomer family which 
consists of activated subunits derived from the following 
set of subunits: 

1. 32.2b (Xi= /3-methyl) 

5 2. 32 . 2b (Xi= /3-uracil-l-yl) 

3. 32.2b (Xi= /3-N4 -benzoy lcytosin-1-yl ) 

4. 32.2b (Xi= /3-N6-benzoyladenin-l-l ) 

5. 32.2b (Xi= #-N2-pheny lacety Iguanin- 1 -y 1 ) 
requires that f ol lowing incorporation of the anchor onto 

10 the resin, the macroporous resin is divided into five equal 
portions and placed in five columns (Example 16D1) suitable 
for solid phase synthesis. 

The synthesis cycle is then preformed with each column 
receiving a single activated subunit species (prepared by 

15 the methods in Example 7, from the subunits in the list 
above) for the coupling step. When the coupling step is 
finished, the resin is recombined and distributed into five 
new solid phase synthesis columns for the second synthesis 
cycle, where again, each column recieves a single activated 

20 subunit species. 

2. Incorporation of truncated species into the 

oligomer family . 

a. By use of partially pre-capped subunits. 

The five subunits species from Example 16F1 are converted 
25 into their acetamides or tr i f luoroacetami des by removal of 
the trityl protecting group and reaction with either 5% 
acetic anhydride and 5% tr i ethy lamine in DMF for 5 minutes 
or with p-nitrophenyl trif luoroacetate in DMF. 

These are then individually activated by the methods 
30 in Example 7 and individually mixed with the corresponding 



u U u Ii i . . ... . • - • ' • 

a hexamer is given in Table 1 . The synthesis is then 
° r performed exact ]v as described in Example 16F1 with these 
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b. By capping during the synthesis. After 
the deprotection step of each coupling cycle, the resin 
containing the detritylated chain is treated with 7% formic 
acid in dichloromethane. The extent of formylation is 
5 controlled by the length of the treatment* For example, to 
achieve a 2.5% conversion to formylated chains requires one 
hour with this reagent. As an alternative, the cleavage of 
trityl may be done with formic acid /dichloromethane 
mixtures as described in example 9A. Instead of 

10 immediately washing the resin after detr i ty lat ion , to 
remove the acidic reagent, the reaction is continued to 
promote the f orny lat ion of the morphol ino nitrogen . 



Example 18 

1 5 Determination of Oligomer Sequence 

A. Remova 1 of Oligomers from a Selected Bead 
The treament necessary to remove the oligomer from the 
resin depends on the anchor : 

1. Anchor from 16B1 is cleaved by treatment with 
20 10% DBU/DMF. 

2. Anchor from 16B2 is cleaved by treatment with 
mercaptoethanol or di thiothreitol in DMF or water 
containing tr i ethyl amine . 

3. Anchor from 16B3 is cleaved by iradiation of 
25 the resin with light of 350 nm . Wavelengths shorter than 

300 nm are are excluded by a pyrex filter. 



B. Analysis of the Oligomer by Mass Spectrometry 
A single bead, containing an oligomer family, and 
30 sorted by the procedures described above, is washed by the 



c mixture of sinapimc acid 
par*-;). The solution is then 
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and aqueous acetonitrile (4 
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the oligomer is determined by the molecular weights of the 
peaks of the full-length molecule and the truncated 
speci es . 

5 Example 19 

Density Gradient Separation of Ol igomer-Li brarv Particles 
Libraries of oligomers are formed on the particles in 
accordance with the examples above. The ol igomer-part i cles 
preferably contain an intense dye or fluorescent material 

10 to facilitate visualization of individual particles. Each 
particles is preferably prepared to contain a single family 
of N-subunit oligomer species, and together the collection 
of particles in a given preparation contain the full 
library of oligomer species. To utilize such a 

15 library of ol igomer-part icles for detection of target 
binding by one or more component oligomer species and for 
determining the sequence of an oligomer family containing 
an oligomer which exhibits said target binding, the 
oligomer-part icle library preparation is mixed with a 

20 suitable concentration of target in a solution having a 
density greater than that of the ol igomer-part icle , but 
less than that of an ol igomer-part icle/ target complex. 
Sucrose solutions are generally convenient for this 
purpose. After gentle mixing for a period of time 

25 sufficient to allow binding of target to any particle-bound 
oligomer which has a suitable affinity for said target, the 
solution is allowed to stand for a period of time, 
whereupon any ol igomer-particle/ target complex which forms 
will settle to the bottom of the container . If the 
to particles are quite small (e.g., 20 to 30 microns in 



complexed particles. 

Mr .,t v <H hr: ol i aomer-part : cle preparation is 



■onta ini no , s uens 1 1 y-grad i ent - 1 cr t j no component , 



s u c n <: 1 
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metr izamide , Centrif ugation in an ultracentr if uge then 
generally rapidly separates ol igomer-part i cles from any 
oligomer-particle/target complex which may have formed. 

Although the invention has been described with 
5 reference to specif c synthetic, and sequencing methods, it 
will be appreciated that various changes and modification 
can be made without departing trom the invention. 



WO 95/31459 



PCT/US95/06041 



IT IS CLAIMED: 

1. A combinatorial library of oligomers formed of 
morpholino subunit structures of the form: 



10 




where (ij the structures are linked together by linkages 
one to four atoms long joining the morpholino nitrogen of 

15 one subunit to the 4' cyclic carbon of an adjacent subunit, 
and X, is a side chain selected from the group consisting of 
purines, pyrimidines, non-nucleobase aromatic side chains, 
aliphatic side chains, and mixed aromatic/aliphatic 
moieties, where at least 3 of the side chains X, are 

20 variable, and the library includes at least about 1,000 
different side chain sequence oligomers. 

2. The composition of claim 1, wherein oligomer 

linkages in the library include one-atom linkages of the 
2 5 form: 



30 
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3. The composition of claim 1, wherein oligomer 
Linkages 111 the library include carbonyl-containing 
linkages 01 the form: 



A 

O 




15 



20 4. The composition of claim 1, wherein oligomer X, in 

the 1 ibrary include side cha ins selected from the group 
consisting of purines and pyrimidmes, and side chains 
selected from the group consisting of a non-nucleobase 
aromatic moieties, aliphatic moieties, and mixed 

25 aromatic/aliphatic moieties. 

5. The composition of claim 1, wherein said oligomers 
are effective to hybridize, by Watson-Crick base pairing to 
random- sequence ol i gonuc 1 eot ides . 

30 



7. The composition of claim wherein the linkages 

, v- o r- ^ 1 ^ r - r ^ d f rop h ^ arour consist ma of 3-atom carbamate 
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I'he composition ot claim 1 , wherein the ol igomers 
include at least one branched subunit joined to a linkage 
in the oligomer. 



5 9 . The composition of claim 1 , wherein the 

combinatorial library is formed on a plurality of 
particles, each particle having a surface coating of 
molecules containing one of the base-sequences in the 
1 i brary . 

10 

10 . The composition of claim 9 , wherein the oligomer 
molecules on each particle are carried on dendritic 
polymers attached to the particles and coupled to the 
oligomers through cleavable linkages. 

15 

11. The composition of claim 9, wherein the particles 
are macroret icu 1 ar particles having selected sizes in the 
40-200 jim range, and the oligomers are coupled to the 
particles through cleavable linkages. 

20 

12. A method of generating a compound capable of 
interacting specifically with a selected macromolecular 
1 igand, comprising 

(a) contacting the receptor with a combinatorial 
25 library of oligomers formed of morpholino subunit 
structures of the form: 



30 




where (ij the structures are linked together by linkages 
npfi tr t - oi:r atoms lona loinina the morpholino nitrogen of 
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purines, pyr im id ines, non-nucieob-ir^- aromatic side chains, 
aliphatic side chains, and mixed aromatic/aliphatic side 
chains, where at least 3 of the bases X, are variable, and 
the library includes at least about 1,000 different base 
sequence ol igomers , 

(b) isolating oligomer molecules that binds 
specifically to the receptor, and 

(c) determining the sequence of bases in the 
i sol a ted ol igomer molecules . 

1 3 . The method of claim 12, wherein ol igomer 1 inkages 
in the library include one-atom linkages of the form: 



15 




20 

14. The method of claim 12, wherein oligomer linkages 
in the library include amide-containing linkages of the 
f orm : 



2 5 




30 15. The method of claim 12, wherein oligomer side 



nun-nucleobase aromatic side chains, aliphatic side chains, 
and mixed aromatic/ aliphatic side chains. 
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25 



30 
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l.-.. The method or claim 12, wherein said oligomers 
are desiqned to hybridize, by Watson-Crick base pairing, to 
random-sequence oligonucleotides, and said determining 
includes reacting the isolated oligomers with a 
combinatorial library of oligonucleotides, under conditions 
effective to produce hybridization between the isolated 
oligomer molecules and complementary-base oligonucleotides, 
and determining the sequence of the oligonucleotides 
hybridized to the isolated oligomer molecules. 



17. The method of claim 12, wherein the combinatorial 
library is formed on a plurality of particles, each 
particle having a surface coating of molecules containing 
one of the side chain-sequences in the library, said 
15 isolating includes isolating a particle having surface- 
bound receptor , and said determining includes determining 
the sequence of bases of the molecules on the isolated 
particle . 



18. The method of claim 17, wherein said isolating 
includes contacting particles having surface-bound receptor 
with a solid surface having surface-bound anti-receptor 
molecules effective to bind specifically to the receptor, 
and isolating particles bound to the solid surface. 

19. The method of claim 18, wherein the oligomer 
molecules on each bead are carried on dendritic polymers 
attached to the particles and coupled to the oligomers 
through cleavable linkages. 



T hn nni-hnrj of c 1 a i m 12, for use in generating an 

- r ■ t ■ - 

ant i boa v . where::, ft act. uiacnti : rmnu t.iu . ir,iai-. i, 
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biv.ilent, and said isolating includes immunoprecipitatincj 
antibody-bound oligomers from a solution of the library 
o 1 igomers . 

5 22. An oligomer composition comprised of 

morpholino subunit structures of the form: 



10 




where (i) the structures are linked together by linkages 
15 one to four atoms long joining the morpholino nitrogen of 
one subunit to the 4' cyclic carbon of an adjacent subunit, 
and X, is a side chain selected from the group consisting of 
purines, pyr imidines , non-nucleobase aromatic side chains, 
aliphatic side chains, and mixed aromatic/aliphatic 
20 moieties, where at least 3 of the side chains X, are 
variable . 

23. An oligomer composition comprised of morpholino 



25 



30 




and X, is a side chain selected fro:r. the group consisting of 
pjrinr— rvri-i -].n^s nop - rue 1 ecba se aromatic side chains, 
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moieties, where at least J or the side chains X, 
variable. 

24. The composition of claim 23, wherein X, i 

5 purine or pyrimidine Watson-Crick base-pairing moiety. 
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AMENDED CLAIMS 

[received by the International Bureau on 16 October 1995 (16.10.95); 
original claims 1-13,17,19,20,22+23 emended; 
remaining claims unchanged (7 pages)] 

1- A combinatorial library of oligomers, each formed of 
at least four linked morpholino subunits of the form: 



15 in which (i) morpholino subunit structures are linked together 
by linkages L one to four atoms long joining the morpholino 
nitrogen of one subunit to the 4' cyclic carbon of an adjacent 
subunit, (ii) X i is a side chain in subunit i in each oligomer 
of the library, (iii) the different oligomers in the library 

20 have different sequences of side chains in at least three 
subunit positions, (iv) X ; is selected from the group 
consisting of purines, pyrimidines, non-nucleobase aromatic 
side chains , aliphatic side chains , and mixed 
aromatic/aliphatic moieties, and (v) said library contains at 

25 least 1,000 different side chain sequence oligomers. 

2. The composition of claim 1, wherein oligomer linkages 
in the library include one-atom linkages of the form: 



10 




N 



30 





35 





N 
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where X l + 1 is a side chain in a subunit adjacent subunit i. 

3. The composition of claim 1, wherein oligomer linkages 
in the library include carbonyl-containing linkages of the 
5 f orm : 



15 




20 

4. The composition of claim 1, wherein an oligomer in 
the library includes side chains selected from the group 
consisting of purines and pyrimidines, and side chains 

25 selected from the group consisting of a non-nucleobase 
aromatic moieties , aliphatic moieties , and mixed 
aromatic/ aliphatic moieties . 

5. The composition of claim 1, wherein said oligomers 
30 are effective to hybridize, by Watson-Crick base pairing to 

random-sequence ol igonucleo tides . 

, ri v i ■ : : : : ■ u ; . ^ c . <_ 

35 
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7. The composition of claim 1, wherein the linkages are 
selected from the group consisting of 3-atom carbamate and 3- 
atom phosphorodiamidate. 

5 8. The composition of claim 1, wherein the oligomers 

include an oligomer having one or more morpholino subunit 
structures that are covalently attached to a linkage that 
itself directly links two additional morpholino subunit 
structures in the oligomer - 

0 

9. The composition of claim 1, wherein the combinatorial 
library is formed on a plurality of particles, each particle 
having a surface coating of oligomer molecules of the same 
sequence. 

5 

10. The composition of claim 9, wherein the oligomer 
molecules on each particle are carried on dendritic polymers 
attached to the particles and coupled to the oligomer 
molecules through cleavable linkages. 

0 

11. The composition of claim 9, wherein the particles 
are macroreticular particles having selected sizes in the 40- 
200 fim range, and the oligomer molecules are coupled to the 
particles through cleavable linkages . 



AMENDED SHEET (ARTICLE 19) 
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A method of generating a compound capable of 



interacting specifically with a selected receptor, comprising 
(a) contacting the receptor with a combinatorial library 
of oligomers, each formed of at least four morpholino subunits 
5 of the form: 



in which (i) morpholino subunit structures are linked together 
by linkages L one to four atoms long joining the morpholino 

15 nitrogen of one subunit to the 4' cyclic carbon of an adjacent 
subunit, (ii) X t is a side chain in subunit i in each oligomer 
of the library, (iii) the different oligomers in the library 
have different sequences of side chains in at least three 
subunit positions, (iv) X, is selected from the group 

2 0 consisting of purines, pyrimidines, non— nucleobase aromatic 
side chains, aliphatic side chains, and mixed 
aromatic/aliphatic side chains, and (v) said library contains 
at least 1,000 different side chain sequence oligomers, 



25 to the receptor, and 

(c) determining the sequence of side chains in the 
isolated oligomer molecules. 



10 




N 



(b) isolating oligomer molecules that bind specifically 



30 




N 



35 




N 
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where X (+l is a side chain in a subunit adjacent subunit i. 

14. The method of claim 12, wherein oligomer linkages in 
the library include amide-containing linkages of the form: 

5 



10 




15. The method of claim 12, wherein oligomer side chains 
15 in the library include some side chains selected from the 

group consisting of purines and pyrimidines, and some side 
chains selected from the group consisting of a non-nucleobase 
aromatic side chains, aliphatic side chains, and mixed 
aromatic/aliphatic side chains. 

20 

16. The method of claim 12, wherein said oligomers are 
designed to hybridize, by Watson-Crick base pairing, to 
random-sequence oligonucleotides, and said determining 
includes reacting the isolated oligomers with a combinatorial 

25 library of oligonucleotides, under conditions effective to 
produce hybridization between the isolated oligomer molecules 
and complementary-base oligonucleotides, and determining the 
sequence of the oligonucleotides hybridized to the isolated 
oligomer molecules. 

30 

17. The method of claim 12, wherein the combinatorial 



— c, c- ri i ] t ■ i 



35 includes isolating a particle having surface-bound receptor, 
and said determining includes determining the sequence of side 
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18. The method of claim 17, wherein said isolating 
includes contacting particles having surface-bound receptor 
with a solid surface having surface-bound anti-receptor 
molecules effective to bind specifically to the receptor, and 

5 isolating particles bound to the solid surface. 

19. The method of claim 18, wherein the oligomer 
molecules on each bead are carried on dendritic polymers 
attached to the particles and coupled to the oligomer 

10 molecules through cleavable linkages. 

20. The method of claim 19, wherein said determining 
includes analyzing the side chain sequence of the isolated 
oligomer molecules by mass spectrometry. 

15 

21. The method of claim 12, for use in generating an 
oligomer effective to bind selectively to an known antibody, 
wherein each oligomer forming the library is bivalent, and 
said isolating includes immunoprecipitating antibody-bound 

20 oligomers from a solution of the library oligomers. 

22. A composition of oligomers, each formed of at least 
four linked morpholino subunits of the form: 



25 



30 




uduhi: . - / l_. ^ ^ . ...... < : . . idcer.i L^uDur,) v 

35 Xj is a side chain in subunit i in each oligomer of the 
composition, (iii) the different oligomers in the composition 

\ a ve ri : f f c : r r * ■ : : : - • f r : - : < -ha : rv : r. :> 1. least - r.roc 
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subunit positions, and (iv) X, is selected from the group 
consisting of purines, pyrimidines, non-nucleobase aromatic 
side chains, aliphatic side chains, and mixed 
aromatic/ a liphat ic moieties. 

23. A composition of oligomers, each formed of at least 
four linked morpholino subunits of the form: 

HO 

HO 



15 



' 1 

N 

A 




in which (i) morpholino structures are linked together by 
carbanoyl-containing linkages joining the morpholino nitrogen 
of one subunit to the 4' cyclic carbon of an adjacent subunit, 

20 (ii) x 4 is a side chain in subunit i in each oligomer of the 
composition, (iii) the different oligomers in the composition 
have different sequences of side chains in at least three 
subunit positions, and (iv) X t is selected from the group 
consisting of purines, pyrimidines, non-nucleobase aromatic 

25 side chains, aliphatic side chains, and mixed 
aromatic/aliphatic moieties. 



24. The composition of claim 23, wherein X, is a purine 
or pyrimidine Watson-Crick base-pairing moiety. 

30 
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Fig. 16 
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62502357 


10-09-87 


WO-A- 


8605518 


25-09-86 


WO-A- 


8605519 


25-09-86 


US-A- 


5142047 


25-08-92 


US-A- 


5034506 


23-07-91 


US-A- 


5235033 


10-08-93 


US-A- 


5185444 


09-02-93 


US-A- 


5217866 


08-06-93 
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